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DoALL SHOP-BLOCKS 
Guaranteed 
“A"’ Grade Accuracy: + .000006”" 
-— 000002” 
“A"’ Grade Flatness: .000004" 
“A” Grade Parallelism: .000004” 


“A"’ Grade Surface Finish: 0.8 AA 
“A” Grade Hardness: 65 Rc 





SET NO. 380 
84 pieces* 36 pieces* 
Only $265 Only $130 
0001" Series—9 Blocks .1001” thru .1009” 0001” Series—9 Blocks .1001” thru .1009” 
001" Series—49 Blocks .101° thru .149” 001" Series—9 Blocks .101” thru .109” 
.050° Series—19 Blocks .050° thru .950” 010” Series—9 Blocks .110° thru .190° 
1.000” Series—4 Blocks 1.000” thru 4.000” -100” Series—5 Blocks .100” thru .500” 
Quarter tenth Series—3 Blo- ks .100025”, .100050”, 1.000” Series—3 Blocks 1.000", 2.000", 4.000” 
.100075” Half tenth Series—1 Block .10005” 


Now you can bring totally new accuracies to shop measurements with 
DoALL SHOP-BLOCKS .. . guaranteed “A” grade, yet availabie at 
“B” grade “working” block prices. 

These blocks are available from stock today. Call your local DoALL 
Store, or write. 


Catalog free on request— 
*.050" or .100” steel or carbide wear blocks available at slight extra cost. on your cnr tee. 


THE DoALL COMPANY =» Des Plaines, Illinois 
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Arranged compoctly on Parts of 


stands in tiers, the Vory 
Tally can be supplied in 
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down to single units 


Tag Above 


Counter-Window 


* Individual 
Each 
Not Strip Tabs 

* Easily Readable from Any 
Bold Figures Al 
in Window 


Angle 
ways Centered 
No Glare 


VEEDER-ROOT INC. 


HARTFORD 2, CONNECTICUT 
“The Name That Counts’ 


Chicago 6, Ill., New York 19, N. Y., Greenville, 5. C., Montreal 2, Canada 
Offices and agents in other principal cities 





widely 
Tit Te melas 
all types 
re) | 
aircraft 


COMTORPLUG 


expanding internal gage for 
simple or special bores 
from 1/8’ to 10’ diameter 


UNIQUE ADVANTAGES 


© Indicates actual size, a fixed 
— not passing — reading 
Portable — no wire, hoses, 
stands or electronic gear 
Positive 2-point gaging — 


palm of 
and accurate regard- 


Precision in the 
hend... 


less of who uses it. 


your 


Investigate 


automatic centering 
Assured accuracy regardiess of 
who operates it. 

Shallow holes, deep holes, in- 
side splines, open-end holes 
gaged easily 
Getects ovatity, 
taper. bell mouth, 
shape 

Reaches to bottom of biind 
holes. 

Will gage work in the ma- 
chine. 

A shop tool for all-day every 
day use. 


back or front 
barrel 
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the gage used by the thousands 
in jet engine, guided missile, 
farm machinery, 
transmission, houschold appliance 


and other volume-precision plants. 
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SQUARE ROOT 


World leader in automatic 


appears 


automatically 


when you touch 


one key 


1. Set number from 
which root is to 

be taken on 

Friden keyboard 


2. Touch Square Root 
key corresponding to 
position of decimal 
point in the radicand 


3. Correct square root 
appears in dials. 

If desired, this figure 
can be retained in 
machine for further 
calculation, eliminat- 
ing need for copying 
root to keyboard 


For comprehensive Information Sheet 
describing Friden fully automatic Square 
Root Calculator (Model SRW) wri*e on 
your business letterhead or use coupon. 


Friden Calculating Machine Co., Inc. 
Dept. QC-657, San Leandro, California 


Please send Information Sheet on Square Root Calculator 


Name — 
Company —_. 
Address — 


City = Zone—__— Stote__ 


@ First time on any desk calculator! And Friden 
Square Root Calculator has all basic features 
which enable standard fully automatic Friden 
Calculator (The Thinking Machine of American 
Business) to perform more kinds of figure-work 
without operator decisions than any other calcu- 
lating machine ever developed. 


rriden 


Moker of The Automatic Calculator + The Notural Way Adding Machine + The Computyper 
The Add-Punch Machine + Friden sales, instruction, service throughout the U.S. and world 
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rom the retidant 3 oak 


Quality Control Is People 


There is nothing new or novel in the caption to these remarks. It has been said in so many 
ways so many times by so many persons as to make its assertion here seem redundant. 


Redundant or not, we can scarcely repeat too often the simple fact that quality control shares 
the common dependence that any science ust place on the human factor to translate it into 
action. From control charts to controlled experiments, quality control proves out on paper to 
be a science custom-built to solve industrial quality-cost problems. 


But quality control on paper is sterile. It is quality control in action that counts. And qual- 
ity control in action is people any way you want to look at it! 


We in ASQC think of quality control as a professional engineering science. We think of our 
Society as the organization devoted to the task of developing this science. This is entirely 
proper and necessary. Industry has always had quality control in one form or another. But 
quality control as an engineering science responsible for the planning and administration of 
the total quality control function in its modern sense, and existing as a vital and recognized 
arm of management, is the ultimate objective. 


In mobilizing our effort toward the attainment of this objective, we must keep it people- 
oriented. We do not lack for techniques. The science of quality control already has an ample 
supply of technical tools mathematically, statistically, engineering-wise, and management- 
wise. These will be refined and expanded as time goes on. 


The problem is to get the tools of this science understood, to get them accepted, and to get 
them used. This has always been the major problem and probably always will be. It cannot 
be solved by education alone. It cannot be solved by organizational structure alone. It can- 
not be solved by company policy alone. It cannot be solved by directive alone. It cannot be 
solved by theory alone. These are all necesSary ingredients, for without theory, without 
training, without recognized lines of communication and authority, without sincere manage- 
ment endorsement and support neither understanding, acceptance, or use is possible in any 


effective way. 


But the common denominator in all this is still people. If the principles and practice of 
modern scientific g ality control are to move forward to achievement of the intrinsic poten- 
tial they possess for industry, they must be packaged and sold in terms of people. 


So we come back to where we started: just a note to remind ourselves to think and act and 
build in terms of the people on whom the science of quality control must depend and for 
whose security and enrichment it is intended, for when all is said and done, the basic fa. still 


remains that 


QUALITY CONTROL IS PEOPLE! 


Mahe. Kobe ger 





ignificance Tests 
and the Dollar $ign 


FRED C. LEONE, R. B. NOTTINGHAM, JACK ZUCKER® 


Introduction 


Standard tests of statistical significance of differences 
between samples of known and unknown populations 
such as the t, y*, and F tests are among the most impor- 
tant tools of the quality control engineer. The conven- 
tional and rigorous application of these tests is generally 
understood. However, these tests as usually applied have 
two major deficiencies: (1) statistical significance does 
not always represent monetary significance and (2) in 
the instance where statistical significance is not estab- 
lished, nothing is accomplished except our knowledge of 
the failure of the experiment to reveal a significant dif- 
ference, and we are often left in an inconclusive and 
unsatisfying position. By the application of known statis- 
tical methods to the data involved in the performance of 
these tests it is possible to go a long way toward estab- 
lishing rigorous limits for conclusions even in the case 
of nonsignificance. 

In the application of the conventional methods, the 
engineer is likely to find himself in a situation like this: 
Engineer I. Q. Ibble is investigating a proposed new 
method for the manufacture of widgets. His company 
has been manufacturing widgets by the same method for 
a number of years. The statistics of the process are well 
known. Due to the high cost of experimental widgets, 
Ibble has limited his experiment to a sample of 25. 

The measurements of the key property of widgets 
fabricated under the proposed method are brought to the 
quality control engineer, Exbar Andar, for analysis. Afte: 
considerable discussion regarding several numbers (are 
they fours or nines?) Andar accepts the data and per- 
forms the standard y* and t tests. He hopes that his 
previous missionary sessions have had results in that 
I. Q. Ibble’s data are of adequate precision and are a 
homogenous sample. 


The following day, Ibble returns and the dialogue goes 
something like this: 
Ibble: “Well, is the new method better?” 


Andar: “Possibly, but from this sample I couldn’t 
guarantee it.” 


Ibble: “Come on, the average of the new method 
was higher than the average of the stand- 
ard.” 


Andar: “Yes, but this is not significant.” 


Ibble: “Significant, shmignificant! Is it or isn’t it 
better?” 
*Mr. Leone is with the Case Institute of Technology, Cleveland, 


Ohio. Messrs. Nottingham and Zucker are with Brush Electronics 
Co., Cleveland, Ohio 
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Andar: “Well, the odds are only five-to-one against 
getting a difference this large, due only to 
chance variation.” 


“So-o-! Those are good odds!” 


“Remember, we're not betting on horses. 
Good industrial statistical practice says we 
sheuld have odds of at least 19 to 1. I'm 
sorry, but these results aren’t good enough 
to really say for sure.” 


Ibble: “So what happens now?” 


Andar: “Well, if you really want to find out if 
there’s any improvement, try a larger sam- 
ple. How about a hundred?” 


“Do you realize what these widgets cost? 
To heck with the new process; we can’t 
spend that kind of money unless we have a 
good chance of success.” 


I. Q. Ibble departs in a 1957 Huff. 


Ibble’s parting shot in this hypothetical dialogue pre- 
sents the usual industrial problem—at that point, the 
dollar sign rears its ugly head. Whether a new process 
is more desirable than an old, whether one proposed 
process is better than a second, whether additional ex- 
perimentation is warranted, is dependent upon a complex 
consideration of the cost of experimentation, the cost of 
converting the process, etc., versus the probable, or 
possible advantages to be gained. Management and the 
engineer should have the answer to the first part, but it 
is the duty of the industrial statistician to provide the 
second answer. 

This article proposes to take these same tests of signifi- 
cance that Mr. Exbar Andar would normally utilize in 
obtaining his inconclusive responses to this type of ques- 
tion, and operate on them to obtain a definite reply to 
the questions: 


(1) What are my odds that the new process or product 
is better than the old? and 


(2) How much better might it be? 


It may be observed that no attempt is being made to 
alter the existing statistical significance tests nor to in- 
troduce drastically new tests of significance. The purpose 
is rather to extend the standard techniques to provide 
management with the true odds involved in their risk of 
capital. For example, management has decided that a 
new process must be K percent better than an old one, 
based on various criteria, and a standard test indicates a 
significant difference between the processes. When the 





indicated minimum increase is greater than the specified 
K percent, the new process has achieved, to given odds, 
at least the required improvement. When the maximum 
increase is less than K percent to a given probability the 
new process will not produce the desired K percent im- 
provement. When K percent is between the minimum 
and maximum, a larger sample is required, but the facts 
are available to make a decision, on a financial basis, of 
the economics of such an effort. 

What happens when there is no significant difference 
between the processes? Essentially the same procedure 
described above is followed except that rather than being 
interested in significance, we concern ourselves with the 
possible limits of difference, to a given probability. In 
other words, the confidence limits about a sample sta- 
tistic provide the dollars and “sense” answers for a 
change over, a continuance of the status quo, or an 
additional sample 

The question may be raised, “Why bother with stand- 
ard statistical tests of significance?” Where differences 
are significant there is indication of a definite change 
having been made. The nomograms presented with this 
article indicate a means of measuring the sufficiency of 
the change. Where differences may be attributable to 
chance variation, the nomograms indicate the possible 
limits of the differences. 


The Problem 
The problem will be divided into three parts: 


(1) a new process mean versus an established mean, 


90% 


(2) a new process variance versus an established 
variance, and 


(3) the choice between two variances. 


In each case the problem will be stated, a method of 
attack will be presented, and, finally, an example will be 
carried out. 


CASE 1 


Suppose we consider the problem given in the intro- 
duction. A corporation has been manufacturing an arti- 
cle for some time. A new method is proposed for im- 
proving the product and a sample of 25 is taken from 
this new method. A simple test of significance is carried 
out. Let us say we wish 95 percent confidence in our 
conclusion. Then, the statistic would be 


x - Uo 
S/\/N 


(1) 


where X, S and N are the sample mean, standard devia- 
tion, and size respectively, and y, is the mean of the 
previously established process. Here, S is defined as 


N 
[ = (X%,—X)?/(N-1)]*. On the basis of this simple 
i 1 
t test of significance one of two conclusions will be 
drawn. Either the difference is significant with the 
desired confidence (here 95 percent), or it is not. In 
either case, we may not be satisfied with this conclusion. 
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Suppose, for example, this difference is significant, but 
the confidence interval on this difference is less than a 
desired relative change. Then, even though we have a 
specific conclusion, the change in process is still not 
warranted. What we propose to do, by means of Figures 
1, 2, and 3, is to obtain the upper and lower limits of the 
relative change 

K = —— (2) 

Ho 

where u is the true (but presently unknown) mean of 
the new process, and u, is the true mean of the present 
process. K, then, is the relative improvement of the new 
process over the old. Now, in an actual situation, the 
desired relative change will be specified in advance, say 
K’. The mathematics of the solution may be found in 
equations 9 to 11. 

Let us take each of the two alternatives stated above, 
significance and non-significance. Suppose we have 
found a significant difference between X and y.,. Suppose 
we continue, by means of our nomogram, and find that 
the confidence limits on K (with 95 percent or any other 
specified confidence) are K, and K,. If K’ is less than 
K,, the lower confidence limit, then our sample has told 
us that our new process has a mean which is at least 
100K’ percent greater than the present mean. If, on the 
other hand, K’ is greater than K., the upper confidence 
limit, then our sample has told us that even though we 
may have a significant difference, this difference is not 
enough to warrant a change. Finally, if K’ is between K, 
and K., our sample has not given us conclusive informa- 
tion. There is, however, sufficient information regarding 
the statistical aspects of the proposed investment to de- 
termine the feasibility of taking another sample or for- 
getting the entire matter. If the difference between X 
and uu, were not significant, the question is asked whether 
the required percent difference could be achieved on the 
assumption that a true difference does exist but has not 
been discovered by this sample. The same work would 
be carried out as above on nomograms 1, 2 and 3. 

Nomograms 1, 2 and 3 are used to find the (l1—a) con- 
fidence limits on K, the relative change in the true mean 
of the population. The data required are u,, N, X and S 
Determine 


and Z S/u, 
Ul 

and enter the nomogram of the desired confidence as 
follows: With N as the abscissa and w as the ordinate 
determine a point on the (N,w) grid. The value Z = S/n, 
gives us two points on the Z line, say Z, and Ze», with Z, 
on the upper part of the line and Z. on the lower part 
A straight line through the point Z, and the point 
(N,w) on the grid determines the lower limit on the K 
scale. A line through the points Z. and (N,w) determines 
the upper limit on the K scale. 

The following example of the use of these nomograms 
illustrates the condition where statistical significance 
exists but significant monetary difference is not present. 
The dielectric constant of material utilized in the manu- 
facture of piezoelectric ceramic elements varies, some- 
times considerably, from lot to lot of material. To deter- 
mine the constant for each lot, a material sample is 
obtained. Twenty-four elements are fabricated. The 
average dielectric constant for the lot is estimated by 
measuring the average element capacity and obtaining 


Ct 
0.2244A 
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where D = dielectric constant 
C = element capacity 
= element thickness 
A = electroded area 


(0.2244 = dimensional constant) 
The dielectric constant required varies from element to 
element, as do the tolerances. For one common element, 
D = 1937 + 8.0%.* A sample of 24 elements fabricated 
from a material sample indicated D to be 1937 — 4% 
1860* and S = 23. Is the “actual” D within the specifica- 
tion with 95 percent confidence? 

Generally, an answer to this type of problem is given 
by performing the standard t test. For this example 


1937 — 1860 
23 / \/ 24 


16.4 


The critical value of t for this sample size is tog 9 925 
2.069. Statistically, this is “highly significant,” i.e., varia- 
tions from the nominal are considered as definitely not 
due to chance and there is at least 95 percent confidence 
that the data results from a statistically unsatisfactory 
lot of material 

But is this material unsatisfactory from the engineer’s 
point of view? It should be recognized that the engi- 
neering specifications for this material were not set by 
statistical theory but by practical industrial considera- 
tions. The true problem, then, is to combine statistical 
theory with practical, non~-statistical engineering to de- 
termine whether the sample meets the specification with 
95 percent confidence in this case, not whether the 
sample is the same or different from the nominal 


For most situations, the set of nomograms will be suf- 
ficient. Since the (1—a) confidence level is 95 percent, 
use Fig. 2. Proceed as follows: 

Determine 


0.04 


Obtain the point N = 24, |W 0.04¢ on the central grid. 
On the scale, obtain the points Z S/ to 0.012 above 
and below Z = 0. The line from the upper Z through the 
point (N,|w!) gives the lower 95 percent confidence 
limit on K of 0.036. The line from the lower Z through 
(N,'w |) gives the upper 95 percent confidence limit on 
K of 0.046. A change of signs then gives us —0.046 and 
0.036 as the lower and upper confidence limits, respec- 
tively, for this negative difference. In other words, 
based on this sample of 24 elements and the desired 
confidence, dielectric constant of the material is no 
worse than 4.5 percent lower than the nominal, but well 
within the 8.0 percent difference permissible. Thus, it is 
seen that the lot is statistically different from the 
nominal but within the engineering tolerance. Hence, 
it is acceptable for fabrication of ceramic elements. 
As an alternative method for those who prefer to work 
directly with formulas as opposed to nomograms, the 
*To be more rigorous, these equations should be D 1937 
0.08 (1937) and 1937 — 0.04 (1937) 1860 


tIf w is negative, use the absolute value in the nomogram 
Finally, attach the negative value to the two K-confidence limits 
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example carried out above is again solved by means of 
formula (10) developed in the appendix. 


Giver 


Using formula (10), namely 


X 


we obtain for a 95 percent confidence interval 


1860 1937 nn | 23 ) tly, 
1860 | \/ 24 1860 Ul, 


1860 1937 2.069 23 
1860 24 1860 


0.041 —0.005 < “l& 0.041 + 0.005 
i. 


0.046 K 0.036 


where K 


CASE 2 


Consider now the second problem. A process for manu- 
facturing an article has been in effect for a period of 
time. A change is proposed. It is suggested that this new 
process have a variance smaller than the present vari- 
ance. In other words, it is proposed that the new process 
produce a more homogeneous product. A sample of size 
N is taken. The common ;? (chi-square) test of signifi- 
cance is carried out as follows: 


(N—1) S? 
(3) 
Se? 

where N and S? are the sample size and variance respec- 
tively, and o,” is the process variance which has been in 
effect in the past. Again, we have two alternatives: sig- 
nificance or non-significance, depending upon whether 
y° exceeds the critical value determined by the sample 
size and the designated risk. If it is desired that the 
new process be 100L percent less variable than the old 
process, at this stage, we may still not have arrived at a 
conclusion for positive action. What we should like to 
know is whether this new process could be 100L percent 
less variable. Our next step in the procedure is to obtain 
the upper and lower confidence limits on 67, where o? is 
the true variance of the population from which the 
sample was taken. Better still, we wish upper and lower 
confidence limits on 


L a (4) 


Og” 


This L, then, is the relative reduction in variance by the 
new process. Let us call the lower and upper confidence 
limits L, and L, respectively. Suppose a specific value 
of L, say L’, is required. Suppose, also, that a significant 
difference were obtained. Now, if L’ is less than L, then 


10 


with, say 95 percent confidence, the new process is at 
least 100L’ percent less variable than the old process. 
Further, if L’ is greater than L., the new process could 
not (with the desired confidence) be as much as 100L’ 
percent less variable than the old process. Finally, if L’ 
is between L, and L, then we cannot arrive at an imme- 
diate conclusion and should take a larger sample, but 
with a financial-statistical basis for doing so. 


In general, to find the (1—«a) « onfidence limits on L, 
from nomograms 4, 5 and 6, that is L ,,»2 and L;_ «4/2 one 
needs N, S*, and o,” (or N, S and oy). For the lower 
confidence limit, the sample size N is selected on the 
right side of the N scale and the calculated value of 
R? = S?/o,? (or R = S/o,)* is selected on the R? (or R) 
scale. A straight line through these points intersects the 
line L,, ,o (the L scale on the right). This is the lower 
limit. For the upper limit, R*? (or R) is the same, but 
the left side of the N scale is used. A straight line 
through these points intersects the L,_,,. scale (the 
L scale on the left) at the desired value of the upper 
limit. 


As a particular example of utilizing these nomograms, 
consider the following problem: One of the steps in 
the fabrication of piezoelectric crystal elements involves 
milling the element faces on a rotary mill. The toler- 
ances are somewhat larger than the 30 control chart 
limits, which permits some spindle wear before a rotary 


must be torn down to replace the spindles. The range 
chart is used for determining a warning limit on spindle 
vear as well as the point when the rotary can no longer 
meet the tolerances. Industrial engineering devised a 
method for retarding the wear process. Cost analysis 
indicated the method to be financially acceptable if the 
process variability were decreased by at least nine per- 
cent. A sample of five elements was taken from each of 
five revolutions of the rotary and the average range was 
determined. The standard deviation of the method was 
estimated from 6 Ss 
Long term history of the old method was obtained from 
range charts and oy similarly estimated from o, = aver- 
age range)/d,. 629. (Although the true standard de- 
viation of the old method was unknown, the history was 
of sufficient length to assume it to be equal to oy.) 
Clearly, there is no statistical difference between process 
capabilities, but are the 95 percent confidence limits 
about the relative decrease such as to warrant further 
expenditure of funds? 


(average range)/d. = 620+. 


The solution to this class of problem may be obtained 
from Figures 4, 5 and 6. In this example, the confidence 
level desired is 95 percent. Hence, Fig. 5 will be used. 
Calculate S/a,y 0.99. Draw a line from Np oo; 25 
through S/o, 0.99. The intersection of this line and 
the R scale provides the lower limit on the relative 
decrease of variability on the Ly 92; scale. Similarly, a 
line from No 975 25 through S/o, = 0.99 provides the 
maximum relative decrease on the Ly 9;; scale. These 
values are found to be Ly 975 = 0.40 and Ly 92; < 0. In 
other words, the sample value is such that a decrease as 
large as 40 percent may occur, while it may also be 
possible that there is actually an increase in element 
variability. In this particular situation, it was decided to 
continue experimentation, since the potential decrease 
was large relative to the desired minimum decrease 

*The R used here represents a ratio, not a sample range 

{Coded value. 
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Figure 6 
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As an alternative method without the use of nomo- 
grams, consider formula (16) developed in the appendix. 


Given 
S/o, = 0.99 


xX =3 


% 70 /2,24 = 12.400 
X'1-a/2.24 39.364 
Using equation (16) in the appendix, we have 


, (S)B— <1 o? 


Go" / X°a/2.N-1 


<1-(5) ool 


2/2 
69° 1" 1-a/2.N-1 


For 95 percent confidence this becomes 


1 — (0.98)—4_< 1 Ve] (0.98) ( ~ ) 

"” 12.400 (5s) : 39.364 / 
0.90 - . < 0.40 

0.90 indicates that there 


o? 
where L — and 
69” 


could actually be a sizeable increase in variance. 
CASE 3 


Suppose two processes are proposed for a new product 
There is no question that either process can meet the 
requirement for the population mean. The only ques- 
tion is, “Which of the two processes is less variable?” 
Suppose a sample were taken from each of the processes 
The common test of significance between variances is 
performed using the statistic: 

S,2 


— ’ (5) 
F S.2 o 


the S?’s being the sample variances. Again, a conclusion 
of significance or non-significance is not sufficient if it is 
desired that one process be at least 100K percent less 
variable than the other. What is required is the confi- 
dence limits on o,2/o2? where o,” is the true variance of 
the population from which the sample with the larger 
variance came, and o,” is the other population variance 
Suppose we wish, rather, the ratio of o,* to o»*: 


(6) 


A particular K, say K’, is specified as a minimum value 
Further, K, and K, are lower and upper confidence 
limits respectively on K. If K’ is less than K,, ther. we 
can draw the conclusion on the basis of the specified 
confidence that one process is at least 100K’ percent of 
the other in variance. If, on the other hand, K’ is 
greater than K, then regardless of whether the F-test 
showed significance, we cannot, on the basis of our sam- 
ples, say one process is at least 100K’ percent of the other 
Finally, if K’ is between K, and K. we should consider a 
larger sample. 

Due to the number of variables involved, there are 
two nomograms for each confidence level, one for the 
upper bound on the ratio of variance, and one for the 
lower bound. On all nomograms, find the point (N,,N.) 
on the right hand grid. Calculate Q S,7/S.? (with 
S,? > S,*) and obtain the point (N,,Q) on the left hand 
grid. On nomograms 7, 9 and 11 the intersection of the 
line between the grids and the K scale provides the 
lower limit of the ratio o,*/o.?, while on nomograms 8, 
.9 and 12 the point on the K scale is the upper limit of 
the ratio. 

As an example of the use of these nomograms, consider 
the following situation: Two different products use simi- 
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lar pressure switches, each at a different pressure level, 
one at about 220 psi and the other at 330 psi. It would 
be desirable to use the same control chart for all switches, 
simply measuring the deviations from nominal. To do 
this, the standard deviations about each nominal must be 
the same. On the basis of various criteria it was deter- 
mined that “equal” would be defined as a maximum 
difference of 5.77 percent. Forty-six switches were tested 
at each of the two levels. The standard deviations of 
pressure differential were calculated to be: 

S (level I) = 5.536 = S, 


S (level II) = 5.710 = S, 
S,/S. = 1.031; Q = S,?/S,? = 1.06 


Does the difference of 3.10 percent indicate that the true 
difference will be less than the maximum permissible at 
the 95 percent confidence level? Utilizing the standard 
test of significance, S,?/S.? < Fo 95 45.45 = 1.65, so there 
is no statistical difference between the two variances. 
This does not tell us, however, that the difference be- 
tween the two variances is less than 5.77 percent. Figures 
7 through 12 can be utilized to solve this type of problem. 
For this particular example, enter the right hand grid of 
Fig. 9 at the point N, = N, = 46, the left hand grid at the 
point (N, = 46, Q = 1.06). The intersection of the line 
between the two points and the K scale at K = 0.6 gives 
the lower limit on the ratio of the variances. Similarly, 
from Fig. 10, K = 1.9 gives the upper limit on this ratio. 
This indicates that the true ratio of variances may be 
anywhere from 0.6 to 1.9. As a result, it was decided to 
use two control charts until more data were accumulated, 
since the true ratio may be greater than the maximum 
permissible. 

As an alternative method without the use of nomo- 
grams, consider formula (20) which is developed in the 
appendix. 


Given 
S,/S. 1.031 
N,= No 46 


Fy 975, 45,456 = 1.81 

F'o.025. 45.45 = 1/1.81 = 0.55 

Using formula (20) with Q = 1.06 = S,?/S,? > 1 
EE Q 


5 
.N N 02° F 4/2. 8.No<! 


Fy-4/2) ; 
(1.06) (0.55) < 6,7/o.2 < (1.06) (1.81) 
0.58 < K < 1.92 
where K 


Conclusion 


The reader should realize that the foregoing examples 
are illustrative only and that the methods are generally 
applicable to significance tests. Further, we believe that 
the greatest value to be derived comes from the ability 
of the statistician to attach a rather firm dollar sign to 
his conclusions, thus speaking management's language. 
Less important, but perhaps more satisfying to the statis- 
tician, is the ability to make positive assertions even in 
the case of non-significance, thus eliminating vagueness. 
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Appendix 


The problems presented in this article may be classi- 
fied into three categories. Essentially, each case involves 
the determination of the (1—a) confidence limits on a 
ratio, where a is the error of the first kind. 

The first of these problems concerns itself with the 
establishment of the limits on the relative change of a 
new process average from that of a previously estab- 
lished process. It is assumed that the previous process is 
sufficiently well established to provide the parameter of 
population mean, y,. Determine the estimate of mean, X, 
and standard deviation, S, by a sample of size N from 
the new process, where 


N 
x (X,—X)? 
1 


} i 


I N 1 (7) 
The desired limits are the (1—a) confidence limits on 


K B Ho (8) 

to 
where , is the population mean of the old process and 1 
is the unknown population mean of the new process. 
The limits on 4 are obtained from the t distribution by 


Ss S 
ae \ N Fs 2.N—1 a X r \ N 
where t,, 2 y-; is the value of t in Student’s t distribution 
with (N—1) degrees of freedom which has an area of 


a/2 to the right of it. Subtracting uw, from each part of 
the inequality and dividing by yu, gives the desired limits 


x tajzna (9) 


equation (10) becomes 
w AZ K < w + (11) 


The limits on K may be determined in Figs. 1, 2 and 3 
for 


a = 0.02, 0.05, 0.10, 
3 <= N = 30 and 0 = w = 20 


The second problem concerns itself with the establish- 
ment of the limits on the relative change of a new process 
variance from that of a previously established process. It 
is assumed that the history of the previous process is of 
sufficient length to provide the parameter of population 
variance, o,*. Determine the estimate of the variance, 


S*, by a sample of size N from the new process. The 
desired limits are the (1—a) confidence limits on 
Oy" — oa o- 
= (12) 
d9* dy* 
where 6,” is the population variance of the old process 
and o* is the population variance (unknown) of the new 
process. Limits on o* may be obtained from the y? (chi 
square) distribution 


(N—1) S?_ 


o2 1-0/2. (13) 


where y*, /2,~-1 refers to that value of y? with (N—1) 
degrees of freedom which has a/2 area to the left of it. 


dg” 


(N—1) S$ 


Go" e 2,.N 2 Oo" d Go" 01 a/2,N-1 
(Sr) N-1 -¢ () N-1 (4) 


Taking the reciprocal and therefore reversing inequali- 
ties, (14) becomes 


(= N—1 - (=) N-—1 

a8) we 2,N-1 Oy* Ye 0 a/2,N-1 
Subtract each part of the inequalities from one and 
again reverse inequalities to obtain 


Multiplying through by 


Y- (=) N--1 


597) rasan 


(16) 


Inequality (16) then gives the desired limits on L: 


Loz < L < Lye (17) 
These limits may be determined by Figs. 4, 5, and 6 for 
a = 0.02, 0.05 and 0.10 and 5 = N = 50. Where the 
standard deviation is used in lieu of the variance, values 
of S/o» are also given. 

The third category of problems concerns the determin- 
ation of the least variable of two new processes. Esti- 
mates of the population variances S,? and S,” are ob- 
tained from samples of size N, and N, from processes 
1 and 2 respectively. The estimate of the “better” process 
is obtained from the (1—«a) confidence limits on 
0" 


K : (18) 


a. 
where o,” is the population variance of process 1, o,* is 
the population variance of process 2 and S,? > S,*. Con- 
fidence limits on a ratio similar to equation (18) are 
obtained from 


o/ 2 
< S, , 01 


S.2/ 02 Fia/2Nvanea (19) 


Fa /2.N1-1,No-1 
where F,, 2 x,-1.s,-1 is that value of F with (N,—1) 
and (N,.—1) degrees of freedom which has a/2 area to 
the left of it. Very few tables of the F distribution give 
F., 2.,-1.N.-1 Where a/2 is less than 0.50. For, say 
a/2 = 0.025, the procedure is to obtain Fy 975, x.-1.~,-1 
and then use the identity 


l 


Fo 025,5; 1,Ny-1 F 
0.975, Ne—1,Ni-1. 
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Finally by multiplying (19) through by S,?/S,? and 


taking the reciprocal, we get 


i ss Q 


For a 
1.06 


F 
0.975, 14,19 


(20) 


62° Fe 2,Ni-1,N2-1 


Simplifying this, one obtains 


1.06 


Fo 975,14,19 


and finally 


As a simple illustration of this last case with N, ~ Naz, 


consider the problem presented -arlier: 


S,/S. = 1.031 but N, 


15, N. = 20; also, Q 


0.40 


1.06. 


0.05, inequality (20) gives us 


o? | 1.06 


” "i f 
62° Fy 025,14,19 


(1.06) Fy 975,19,14 


(1.06) (2.86) 


3.03. 
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ontrol Charts 
in Multi-Stage 
Batch Processes 


The Carborundum Co., Niagara Falls, N. Y. 


Application of statistical control in 
the chemical process industry has 
been hampered partly by lack of un- 
derstanding of how statistical con- 
cepts may be applied to advantage 
beyond that commonly gained with 
standard chemical analyses and 
physical tests. Renner‘!*) has pointed 
out reasons for reluctance among 
chemists to adopt statistical control 
tenets, while Bicking‘*:*-*), Werni- 
mont(2®), and Hader & Youden‘!?) 
have discussed scores of problems 
solvable with the techniques. This 
article reviews underlying concepts 
of statistical control as applied to 
batch chemical processes. A study 
of spent acid reduction in a counter- 
current 3-stage nitration process il- 
lustrates some of the principles. 


Interpretation of Concepts for 
Batch Control 


In the chemical industry, or any 
other field, no control is valid unless 
it means regulation within impor- 
tant, technically selected limits. In 
most cases, the limits are pre-set 
from background knowledge to meet 
customer requirements, or from eco- 
nomic restrictions; but process capa- 
bility may be the governing factor. 
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The limits must be set to reflect 
deviations associated with departures 
from standard operating procedures 
of practical importance, and not to 
call attention to fluctuations in raw 
materials, operating conditions, or 
operator manipulations within the 
allowable range. Limit exceedances 
eall for corrective action—adjust- 
ment of the process, recycle or re- 
working of the material under re- 
action. For batch processes, other 
prerequisites of the “statistical con- 
trol” concept such as observation 
order, randomness, and rational sub- 
grouping, are incorporated in the 
sampling and charting instructions 
peculiar to each situation. Justifica- 
tion for chart control includes recog- 
nition that the technique provides 
psychological as well as technical 
advantages for guiding operations, 
whether these processes include raw 
material acceptance, manufacturing, 
laboratory analysis, product verifica- 
tion, or experimentation. Although 


*Revision of a Rarer presented at the 


Ninth Annual ASQ onvention, New York 
City, May 1955, and sponsored by the Pub- 
lications Committee, Chemical Division, 
ASQC 


*+Mr. Bingham was formerly with the Atlas 
Powder Co., Chattanooga, Tenn 


the chemical phase of 
control is generally the main con- 
sideration, attention to physical en- 
tities like time cycles, ingredient 
weights, and equipment calibration 
reduces chance variation, further in- 


processing 


creasing detection sensitivity. 


Types of Batch Control 


The type of batch control used 
depends on technical knowledge of 
the process and available tests. 
Charges may be considered individ- 
ually or treated as parts of a larger 
semi-continuous process. “Within- 
batch” control may utilize charts to 
follow a reaction to an end point. A 
regression line and limits generally 
replace the conventional central 
line“'*). The trend chart of Fig. 1 
shows a typical case. Specifically, 
individual results taken 
time period of interest are plotted 
against the given line and its 2-«o 
limits. For good power, the test 
method must be quick compared to 
the batch cycle, and possess high 
reproducibility. If the batch is to be 
“cooked” to reach a given end point, 
thus influencing cycle time, the 
method is limited to single-vessel 


over the 


2) 





reactions and co-current flow se- 
quences. 

“Batch-to-batch” control‘!*) treais 
successive charges as parts of a 
continuous procedure in which re- 
straints on operator methods, chemi- 
cal variables, and producing condi- 
tions assure reproducibility. Al- 
though making good batches remains 
the goal, the guiding philosophy 
makes use of information from pre- 
ceding batches for control of proc- 
essing conditions for succeeding 
charges. Operator aids in the form 
of instrumentation and chart control 
must be provided to avoid assignable 
causes from the human element. As 
in “within-batch” control, single 
samples from well-mixed vessels of 
liquids or gases may be compared 
on control charts for individuals. 
Choice of probability factors depends 
on power needed; but 2-o limits for 
individuals and moving range charts, 
combined with run theory, seem 
adequate for many situations‘), If 
test methods are too variable, repli- 
cate tests on the same sample may 
be needed for adequate precision’. 
Solids or aggregates of various sizes 
may require a detailed sampling 
plan to give representative re- 
sults‘'®), The control chart for indi- 
vidual batch results follows changes 
in the process average for batches 
made under the same conditions. 
The moving range chart detects in- 
creases or decreases in batch-to- 
batch uniformity, trends, and serial 
correlation (see Fig. 1). The rela- 
tive insensitivity of the individual 
batch chart compared with an aver- 
age chart for detecting shifts in 
average can be overcome by proper 
choice of control limits and sampling 
frequency, often limited to one sam- 
ple per batch. Moving averages over 
several batches may be used where 
the analogy to physical compositing 
seems appropriate. Generally, con- 
verging parallel process streams with 
subsequent common treatment o1 
counter-current stepwise flow prac- 
tices are suited to “batch-to-batch” 
type control. 


A Decision for Chart Control 


Chemists and chemical engineers 
have provided process control with- 
out control charts by using instru- 
mentation, operator log sheets, 
chemical analyses, and physical tests 
To justify chart control, convincing 
arguments must be presented citing 
advantages of graphic presentation, 
action limits for operators, rapid de- 
tection of improvements or losses, 
awareness of trends or changes in 
variability, and ease of correlation 
of processing variables. The con- 
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tinual comparison of “what the proc- 
ess is doing” with its capability or 
established standards is likely to be 
most rewarding. The achievement of 
greater product uniformity by the 
elimination of unnecessary process- 
ing adjustments, commonly made by 
shift crews when taking over the 
shift, helps to pay the cost of con- 
trol. Tighter control of trace im- 
purities and complex chemical re- 
actions will strengthen the case for 
chart control ‘?-%!?), 


Control of Multi-Stage Processes 


Multi-stage processes frequently 
have an additional level of complex- 
ity from the viewpoint of control. 
Usually, the process involves raw 
material additions at several stages, 
changes of state, and reaction in a 
variety of equipment; all of which 
may influence control. In co-current 
flow, control at early stages allows 
corrective action in subsequent steps, 
providing processing conditions are 


BATCH 


LEVEL <3 


favorable. A continuous check on 
product quality is possible by fol- 
lowing a particular batch from stage 
to stage observing various check- 
point results. 

In counter-current flow, process 
information must travel both direc- 
tions for control. In many cases, 
where isomer formation or yield is 
influenced by operating conditions 
at each of the various steps, control 
of reactants must be accomplished 
at each stage even though over-all 
chemical “balance” is maintained. 
Considering the method of operation 
it is not surprising to find that con- 
trol of a particular batch in the later 
stages of the process eventually pro- 
duces control of a batch six or seven 
steps behind. Thus, every batch has 
a complex but traceable history. 
(This is in contrast to a truly ran- 
dom batch operation in which a 
given batch is completely independ- 
ent of any previous batch.) These 
characteristics emphasize the con- 
tinuous nature of the process over 
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Figure 1—Level, Uniformity, and End Point of Batches 
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Figure 2—Process Flow Sheet 


individual batches. It 
should be realized that in many 
cases the continuous process cor- 
responding to the multi-step batch 
process is a limit to be approached 
more closely as control improves. 
The physical analogy to this com- 
parison is apparent since many batch 
processes would be continuous proc- 
esses if economics, equipment de- 
sign, available equipment, or 
action kinetics permitted. 


that of the 


re- 


An Example 


The principles described may be 
illustrated with some data taken on 
a three-stage batch nitration process 
using counter-current flow of nitrat- 
ing acid and organic‘*:915), The 
material flow is shown in Fig. 2. 
Acid concentrations, temperatures, 
and reaction times are necessarily 
increased as the nitration adds addi- 
tional “nitro” groups to the organic 
molecule. Waste acid from the “tri” 
stage is strengthened with additional 
(called “tri butt”) to 


acid waste 


TABLE I—Regression and Control Chart Evaluation 


Variables 
Dependent 


(mono waste strength) 
(mono oil weight) 

(bi oil weight) 

(yield) 


Chart Property 

mono oil weight 

bi oil weight 

bi waste butt weight 

tri waste butt weight 

mono waste strength 

yield 

Significance Levels * (0.05) ee 

# Over the pre-test period this equation would 

y— ¥ = —0.206(x:.—x:) + 

See Table III for calculations 
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(bi waste 


(0.01) 


0.280 (x2—xz) 
(Data have been coded.) 


make a “bi mix”, which is used in 
the “bi” nitration. Also, “bi waste 
acid” is fortified with additional acid 
(called “bi waste butt”) to make a 
“mono mix” which is used as the 
nitrating agent in ‘the ‘ nitra- 
tion. The “mono waste acid” is sent 
to a recovery plant where the com- 
ponents are separated and strength- 
ened. One of the components is used 
as fortifying acid for the bi waste 
acid to make the mono mix. The 
product from each nitration stage is 
referred to as an “oil”; mono oil, bi 
oil and tri oil. Routine control of the 
process covers product quality, yield, 
reactant use, reactant recovery, and 
acid strength. 

From a review of production rec- 
ords, the operating department de- 
cided that the amount of nitrating 
acid charged per batch and hence, 
the amount to be recovered could be 
reduced with a resultant saving in 


‘mono” 


and increase in 


capacity. 


reactant possible 
plant Calculations 
made by the technical department to 
the 


were 


determine desired operating 


Regression 


Independent 


(bi waste butt weight 
(bi waste butt weight) 


mono oil weight) 
butt weight 
Control Charts 


Change in Average 


0.001 
be 


—().244 (xX9—xs) —0.156 (Xe—x.) 


Data 


Pre-test 


point. The amount of nitrating acid 
to strengthen the bi waste was re- 
duced for one production line during 
a ten-day plant trial. After success- 
ful results for two days, the same 
procedure was instituted on other 
production lines. Several days later, 
the operating department reported 
that the yield was dropping. The 
test was halted and in light of the 
apparent yield loss, a data analysis 
was requested to evaluate whether 
the desired reduction had been 
achieved, whether the test was suf- 
ficient to preclude the reduction as a 
realistic possibility again, how much 
the yield had been reduced, and any 
other relations among the variables 
measured, 


Since the plant test had been car- 
ried out without control charts as 
guides, the batch to batch behavior 
was not immediately obvious. Also, 
yield data on a batch basis were not 
considered as reliable, for estimating 
the average yield and its fluctuation, 
as yield data covering each day. 
Since composite samples of mono 
waste rather than individual batch 
samples had been collected and 
chemically analyzed, a further re- 
striction was imposed on the subse- 
quent data analysis. Lacking com- 
plete batch information, so that daily 
averages and within day range 
charts could not be prepared, it was 
necessary to resort to plotting daily 
averages as individual measurements 
for each of the measured variables. 
The moving range estimated the day 
to day variation. Control limits for 
the individual batch and moving 
range charts were calculated from 
the average and standard deviation 
of the two time periods 
(These 2-6 
confidence limits were shown on the 


for each 
“pre-test” and “test” 


Percent of 
Variance 
Explained 


Equatior 


Pre-test & Test Slope 


81 0.00449 
0.142 
0.948 
0.244 


Comments 


Trend before plant test 
Trend before plant test 





charts even though insufficient points 
were present to establish standard 
limits; and lack of control was noted 
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in the form of trends, runs, and 
single points out of control.) Confi- 
dence limits for the averages and 
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Figure 3-—Control Charts 


variances were calculated using the 
true degrees of freedom to judge 
shifts in average or changes in dis- 
persion. 

Prior to data evaluation a review 
of reaction chemistry was made to 
establish tentative hypotheses of in- 
terest that might be tested. It was 
postulated that even though an acid 
reduction at the mono stage might 
reduce the degree of reaction as evi- 
denced by a decrease in mono oil 
weight, the bi stage might be ade- 
quately acid-rich to complete both 
reactions thus making the bi oil 
weight constant. In some cases, 
agreement could not be reached as 
to which were the controlling vari- 
ables. To resolve the problem, a 
multiple regression was calculated 
to determine the influence of mono 
oil weight (x,), bi oil weight (x.), 
weight of bi waste butt (x,), and 
weight of tri waste butt (x,) on 
yield (y). Within the mono stage, 
the regression of mono waste 
strength (x;) on bi waste butt 
weight (x,) was of primary im- 
portance. Likewise, the degree of 
dependence of mono oil weight (x,) 
on bi waste butt weight (x,), and bi 
oil weight (x.) on mono oil weight 
(x,) could be tested from the calcu- 
lations made during the multiple 
regression analysis. Quantitative 
knowledge of these relations, should 
they prove to be significant, would 
lead to better process understanding. 
Hence, although secondary to the 
original problem, their examination 
was warranted. Since the chemistry 
might change in the mono stage after 
the acid reduction, correlations were 
tested in two parts—using data taken 
during the control period before the 
plant test, and data covering both 
the control and test periods. 


From the control charts, shown in 
Fig. 3, and the multiple regression 
and correlations summarized in Ta- 
ble I, it was concluded that: 


1. The data do not indicate that 
any significant change in yield 
occurred. 


. The weight of bi waste butt 
(xg) had been reduced and was 
controlled at the desired level, 
with the exception of the last 
two days, during which the pro- 
duction department had re- 
turned to the original level. 


. The mono waste acid strength 
(x;) was materially reduced 
and controlled at a lower level. 
A least squares equation was 
derived for predicting mono 
waste strength from weight of 
bi waste butt (x,) that agreed 
reasonably well with theory. 
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TABLE !l—Effect of Correlation on Final Equation 





= 


Equatien Containing 


» A. Ke, Ka, Ma bs.12% 

y. Xi, Xs, xX be. 
» Xe, ; bs.2 
» Xs bs 


. Mono oil weight (x,) and bi oil 
weight (x.) were significantly 
related during the pre-test pe- 
riod; however, the relation was 
not significant for the data cov- 
ering both the pre-test and test 
periods. The significant drop in 
mono oil weight related to the 
reduction in bi waste butt ap- 
parently did not interfere with 
the bi nitration and overall 
yield. 

5. Under conditions found in the 
pre-test period, yield (y) was 
significantly correlated with the 
weight of bi waste butt (x,). 
Both mono oil weight (x,) and 
bi oil weight (x.) failed to cor- 
relate statistically with yield. 
However, they were kept in the 
regression equation calculated 
for prediction purposes, because 
they made sizable changes in 
the partial regression coeffici- 
ents when omitted. This may be 
seen readily in Table II. 

Furthermore, it was apparent that 

sufficient information had been de- 
veloped from the data analysis to 
guide another plant test. From the 
relations identified, adequate pre- 
dictions could be made to detect 
quickly whether any future test 
would perform according to sched- 


“Partial Regression 
Coefficient for xs | Accounted for by Equation 


Percent of Total Variation 


72.8 
705 
65.6 
47.1 


ule. Control charts for data evalua- 
tion sold themselves both as experi- 
mental and process control tools. 

In retrospect, control charts con- 
tribute to batch process control and 
plant experimentation by: 

1. Graphically portraying ranges 
within which variation is to be 
expected, and hence providing 
limits for action, thus elimi- 
nating misunderstanding about 
what constitutes significant 
modifications™®). 

. Focusing attention on natural 
process variation present in the 
process prior to change. 

. Questioning whether data col- 
lected are suitable for control. 
(In the above example, calcu- 
lations based on cumulative 
yields were discarded since the 
variance of daily reported yields 
decreases from the first of the 
month to the last. On this basis, 
the date of a plant test would 
partially determine its out- 
come.) 

In the part... example de- 
scribed above, control charts were 
not used for “within-batch” process 
control since no sufficiently rapid 
chemical analysis was available. In- 
stead, “batch-to-batch” control was 
used to guarantee product quality 


Summary 


Each type of batch control has a 
part to play in modern multi-stage 
control. Prior to selection, a balance 
must be made between cost of in- 
formation gained and its control 
value‘>). More often than not the 
variables to be controlled for opti- 
mum regulation are not apparent. 
Multiple regression techniques‘*) 
and experimental designs‘*®) may be 
necessary to identify controlling fac- 
tors. After identification, control 
charts may be used for daily checks 
on operating levels and as operator 
guides. In simplest form, control 
charts have justified their use if they 
awaken chemists and engineers to 
the natural variation of processes 
and lead to better control. 
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A Scatter Diagram Used to Compare 


“Before” and “After” Measurements 


Introduction 

Scattergrams can often be used by 
engineers to study the relationship 
between two variables. They are 
useful because they frequently show 
very surprising but important rela- 
tionships. Often certain relation- 
ships which are predicted by scien- 
tific knowledge will be found to hold 
for the majority of points, but there 
are usually a few mavericks or en- 
tire groups of points which behave 
unexpectedly. These peculiarities 
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very often lead an inquiring engi- 
neer to effect fundamental improve- 
ments in his process. 

During the early development 
stages of an electronic tube, too 
much variation of a certain electrical 
characteristic was being experienced 
at final test. This electrical char- 
acteristic depended (primarily) upon 
the internal relationships (“geom- 
etry”) of the tube components. Un- 
fortunately, however, this electrical 
characteristic cannot be measured 


until the tube has been completely 
sealed into its glass envelope; con- 
sequently there is no easy way to 
study the effects of manufacturing 
stages upon this electrical character- 
istic. However, it is possible to meas- 
ure variations in the geometry of 
tubes indirectly by means of an 
auxiliary electrical characteristic 
(capacitance); and capacitance can 
be measured at several stages during 
the assembly of the tube to study 
possible effects upon the geometry. 
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This use of scattergrams to study 
qualitatively the relationship of a 
variable before a manufacturing 
stage to the same variable after the 
stage is a very general and useful 
approach to many problems in en- 
gineering and science. 

Various patterns in engineering 
data can provide clues to the under- 
lying behavior of a process and lead 
to engineering improvements, often 
by a technique no more complicated 
than the preparation of a scatter- 
gram. 


The Problem 


Changes in the internal geometry 
of a tube during manufacture can be 
estimated indirectly by observing 
changes in the capacitance of the 
tube. Most electrical characteristics 
of a radio tube cannot be measured 
until the tube has been completely 
assembled and processed but an ex- 
ception to this rule is capacitance. 
This capacitance characteristic can 
be measured when the tube is still 
a “mount”, (see Fig. 1), ie., before 
the mount has been sealed into the 
bulb, and at several subsequent 
stages. It was decided for this study 
to make capacitance readings at in- 
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Figure 2—Experiment No. | 


termediate stages of manufacturing 
as a means of studying the effect of 
successive manufacturing operations 
upon the internal tube geometry, 
hoping to find the major stage in 
manufacturing which was contrib- 
uting to the excessive geometric 
variability. These changes are diffi- 
cult to associate with successive 
manufacturing stages in any other 
known way, unless they are quite 
extreme. 


Planning the Procedure 


In a discussion with a planning 
group of technical men who were 
associated with the problem (a de- 
velopment engineer, a production 
foreman, and a quality control engi- 
neer) it was decided to study the 
effect of each of two manufacturing 
stages", Stage A and Stage B, upon 
capacitance. 

Columns 1 and 2 (Table I) are 
readings made before and after Stage 
A. Columns 2 and 3 are readings 
made before and after Stage B. 

After the readings in Column 1 
had been made (in random order), 
all mount assemblies were inserted 
in bulbs. Half of them (12) were 
then sent through Stage A at a tem- 
perature of 900°, (Mfg. Condition 
A,), and half at 800°, (Mfg. Condi- 
tion A,), as agreed by the planning 
group. Capacitance readings after 


*Technical information for the tube engineer 
only 

Mfg. Stage A: (the effect of temperature 
during exhaust, bulbing and sealing) 

Mfg. Stage B: (the effect of flashing the 
“getter”) 


Stage A were measured and re- 
corded as shown in Column 2 of 
Table I (Identifying numbers had 
been marked on individual tubes in 
the two groups.) 
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Figure 2 represents a scatter dia- 
gram presenting a visual relation- 
ship between Columns 1 and 2: 

Horizontal axis: represents the 
capacitance before Stage A. 

Vertical axis: represents the ca- 
pacitance after Stage A. 

On Tube No. 1, for example, the 
readings (in appropriate units) be- 
fore and after Stage A were 0.73 
and 0.70 respectively. In making the 
scatterdiagram, we located the row’ 
labelled 0.72—0.73 and the column 
labelled 0.70—0.71. Then in the 
square which is common to this row 
and this column, a cross (x) has 
been entered. (An x indicates Man- 
ufacturing Condition A,, ie., 900 
degrees). Similarly, x’s were marked 
corresponding to pairs of values 
(before and after) of the remaining 
tubes sealed at 900 degrees. Simi- 
larly, circles (0) were marked for 
the twelve pairs of readings from 
tubes processed under Manufactur- 
ing Conditions A, (800 degrees) 
(Note: Different colored pencils pro- 


*Thus the data have been “grouped” in 
the same way that we group data to make 
a frequency histogram A cell-width is 
chosen (arbitrarily) so as to give (prefer- 
ably) as many as 13 cells and not more than 
20. It is not necessary to choose the same 
cell intervals on the horizontal and vertical 
axes 





TABLE | 


At 900 degrees 
(2) 
After 
(1) Stage A (3) 
Tube Before but before After 
No Stage A Stage B Stage B 


At 800 degrees 
(2) 
After 
(1) Stage A (3) 
Before but before After 
Stage A Stage B Stage B 


of the second study are shown in 
Table II and the scatterdiagram in 
Fig. 3. 

Engineering Analysis: (Stage A) 
(See Fig. 3) 


At 900 degrees: There is no 
tendency for the crosses (x) 
to line up. 

At 800 degrees: There is a defi- 
nite tendency for the circles 
(o) to line up although not 
along the diagonal dotted line. 


0.73 0.70 0.70 

0.62 0.60 0.64 

0.68 0.53 0.55 

0.65 0.56 0.58 

0.66 0.66 0.71 

0.69 0.66 0.66 5 (Broken) 
0.72 0.58 0.60 y (Broken) 
0.69 0.63 0.69 

0 68 0.62 0.64 

0.75 0.65 0.72 

0.76 0.78 0.79 

0.70 0.60 0.62 


There is a difference in the pat- 
terns corresponding to the twelve 
tubes sealed-in at 900 degrees and 
the twelve tubes sealed-in at 800 
degrees (and which have had the 
same manufacturing treatment in 
other respects). The 900 degrees 
temperature is deforming the in- 
ternal geometry in an unpredictable 
manner, but the scatterdiagram cor- 
responding to the 800 degrees tem- 
perature shows a definite tendency 
to line-up. 


TABLE Ii 


At 900 degrees At 800 degrees 
R-2 R-2 
After After 
R-1 Stage A R-3 R-1 Stage A R-3 
Before and before After Tube Before and before After 
Stage A Stage B Stage B No Stage A é Stage B Stage B 
0.66 0.60 0.62 q 0.68 
0.72 0.57 0.63 . 0.49 
0.68 0.55 0.59 
0.70 0.60 5 0.56 
0.64 0.52 
0.58 52 Thus, there is evidence that the 
= - . 900 degrees condition at Stage A is 
52 : ; 
— deforming the internal geometry in 
0.60 an unpredictable and undesirable 
0.62 manner, but an indication that this 
0.87 can be prevented by using a lower 
exhaust temperature of 800 degrees 
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vide an easy way to distinguish dif- 
ferent groups on a scatterdiagram). 
Now, if no change were to occur 
in capacitance during Manufactur- 
ing Stage A, the marks (whether 
crosses or circles) would lie along a 
straight line; furthermore, they Sal 
would line up along the dotted diag- : 
onal line which indicates no change | | St cS Oe eT > 
between the “before and after” me: oe 6a Asie 
readings during Stage A JS 
= é } | | | “ie be_| 
Engineering Analysis: There is es- os NO CHANGE 
sentially no tendency to form a line ies jan me oo Se ‘a wees Geen 
either along the dotted line or any 
other line—this is true whether we 
consider the crosses or the circles in 
Fig. 2. We conclude, then, that Man- 
ufacturing Stage A is deforming the 
geometry in such a way that we 
cannot predict its effect upon the 
geometry of an individual tube un- 
der either Condition A, or A,. How- 
ever, we cannot decide from these 
data which phase of Stage A is in- 
troducing the deformation since 
there are three of them (mounting, 
sealing-in, and exhaust) between 
the before and after readings. 


CAPACITANCE BEFORE STAGE A 
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Experiment No. 2 ts 
__DERINITE TENDENGY FOR. 
Following Experiment No. 1, the THE O'S TO LINE UR 
planning group discussed the next . . TS oe alta ube hous pee Bitett 
step. It was agreed finally to intro- |__| y"§: seG | CONDITION A, 
duce a certain change in Manufac- 

turing Stage A, and then make J oe 40 te I lo’S: MFG | CONDITION A, 


another study at Stage A. The data Figure 3—Experiment No. 2 
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Note: In both Fig. 2 and Fig. 3, 
most of the poirts are below the 
diagonal dotted line (of equality). 
From the way the scatter diagram 
has been set up, this means that the 
readings after Stage A are lower 
than the readings before Stage A. 
Consequently, the processing of 
Stage A has a tendency to lower the 
average capacitance in a fairly uni- 
form fashion. (A shift in a test in- 
strument could produce the same 
effect.) 


Experiment No. 3 


A scatterdiagram showing the re- 
lationship between capacitance be- 
fore Stage B (i.e., after Stage A) 
and after Stage B is shown in Fig. 
4; data from both Table I and Table 
II have been used to prepare Fig. 4. 
The line-up is very good; ir. fact, if 
one were to compute the correlation 
coefficient, r, by the standard pro- 
cedure, its value would be found to 
be approximately r 0.85. There 
seems to be no reason to perform 
the computation here. 


Engineering Analysis: (Stage B). 


Stage B has a very negligible effect 
upon the capacitance; there is only 
a slight increase during Stage B. 





D0 YOU HAVE 
A QUALITY CONTROL 
PRESENTATION PROBLEM? 


QUALITY CONTROL AIDS 
ARE THE ANSWER 


Make your presentatien 
more forceful and under- 
standable by the use of 


these aids. 

QUINCUNX 

...« This device permits yeur audience to 
visualize the creation of a normal dis- 
tribution pattern as well as the results 
of variables sampling. All beads are 
self-contained; nothing to drop out. 
Done in attractive mahagony complete 
with zipper carrying case. 


ATTRIBUTE SAMPLING DEMONSTRATOR 
...Complete unit consists of transparent 
stic container, opaque 

and wood paddies permitting 

easy ition of beads at a dis- 
tance. 

SIMULTATORS 

... To demcastrate contro! chart plotting 
and shift of distribution pattern. 


Lightning Calculator Co. 
Box 6192 
St. Petersburg Beach 6, Fle. 
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Buy blocks 
witha 
"Built-in" 


ELLSTROM CHROMIUM PLATED GAGE BLOCKS 
are guaranteed “minus nothing” from nominal size! 





Here at last are gage blocks with a 
positive “built-in” wear factor! The only 
blocks ever produced and priced as 
standard with dimensional accuracy 
unconditionally guaranteed to be within 
specified millionths on the “plus” side of 
nominal block size and minus “zero” 
. absolutely nothing . . . undersize! 


This complete elimination of the con- 
ventional minus tolerance gives you, the 
gage block user, three new and ex- 
clusive benefits. First, it provides positive 
assurance against receiving new blocks 


STANDARDS 


that are actually “worn” undersize dur- 
ing manufacture before they are ever 
used. Second, it gives you finer, more 
practical accuracy... with the sure know!l- 
edge that every Elistrom block you buy 
will start wearing toward its nominal size 
rather than away from it. And third, it 
gives you a guaranteed minimum wear 
factor equivalent in millionths to the full 
minus tolerance specified as standard 
for all other makes of blocks! 


Write for descriptive literature contain- 
ing complete price information today! 


‘Measuring in Millionths for Three Generations’ 


ELLSTROM WY DEARBORN GAGE COMPANY 


DIVISION 


22038 Beech Street « Dearborn, Michigan 


REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE UNITED STATES AND CANADA 


Elistré6m 
©F-tel- = jleler 
p~Veteisig-len 
Guarantee 


““W''—WORKING ACCURACY BLOCKS 
Measured Length: + .000008"/— .000000” 
Parallelism: .000004” Flatness: .200004” 


“1"—INSPECTION ACCURACY BLOCKS 
Measured Length: +.000004"/— .000000" 
Parallelism; .000003" Flatness; .000003” 


“L"—LABORATORY ACCURACY BLOCKS 
Measured Length: +.000002"/—_.000000° 
Parallelism: .000001” Flatness: 000001” 


Elistrom — your best buy in gage blocks 
for shop and tool room use, inspection and 
laboratory applications. Available in 28 
standard sets ranging from 8 to 92 blocks 
in both square and rectangular styles with 
or without basic gage biock accessories 





Summary 


Olmstead'') has indicated certain 
patterns of data involving one in- 
dependent variable which indicate 
assignable causes of interest to an 
engineer. He indicates certain tests 
which are useful in detecting these 
types of assignable causes. When we 
study possible relationships of one 
variable to another, we then become 
interested in the pattern of points 
with respect (ordinarily) to a diag- 
onal line. The data may include 
variations of the types listed by 
Olmstead: gross errors or mave- 
ricks; trends; abrupt shifts; short, 
fast cycles; and long cycles. The 
tests suggested for the existence of 
these patterns with respect to a 
horizontal line can often be ex- 
tended or adjusted to diagonal lines. 
It is desirable that an article be 
written to explain any necessary 
adjustments. But in the meantime a 
simple scattergram gives valuable 
clues which are often entirely ade- 
quate for engineering improvements. 
They often provide more informa- 
tion of value than the more tradi- 
tional computation of the correla- 
tion coefficient r. The computation 
of r from data containing assignable 
causes usually gives too low a meas- 
ure of the underlying relationship 
between the two variables. It is 
recommended that any computation 
of r be postponed until the scatter- 
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gram has been studied. No. 4, Jan. 
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‘,.. BUT NOT FORGOTTEN” 
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ALBUQUERQUE The April meeting was held at 

Mitchell Hall, University of New 
Mexico. The guest speaker was W. R. Davison, Rocket 
Fuels Div., Phillips Petroleum Co., McGregor, Texas. 
Mr. Davison’s topic was “Some problems related to the 
selection of AQL.” 


The April meeting was held jointly 
with the local section of the Amer- 
ican Society of Tool Engineers at the 
Hotel Traylor in Allentown, Pa. This combined meeting 
was a follow-up of last year’s session and the tool engi- 
neers expressed thei desire for more information on 
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BEFORE STAGE B 
Figure 4—Experiments No. 1 and 2 


(2) Terry, Milton E., “On the An- 
alysis of Planned Experiments,” 
1955 ASQC Convention Trans- 
actions, p. 553-556. 


“How to De- 


and Roberts, 
H. B., Statistics, a new ap- 
proach,” The Free Press, Glen- 


CHO 
News 


how statistical quality control can help them. The fea- 
ture talk was by the well-known consultant for Western 

lectric Co., Miss Bonnie B. Small, on a “Talk to engi- 
neers about quality control.” A question and answer 
period followed. 


BOSTON A joint meeting with the Boston section 

of the American Statistical Association 
was held on Apr. 10. A. C. Rosander of the Internal 
Revenue Department discussed the application of QC 
techniques to income tax operations. 


BUZZARDS BAY Axel U. Sternlof, American Steel & 

Wire Co., Worcester, was the main 
speaker at the Apr. 9 meeting. His subject was “Quality 
control in the wire industry.” Illustrating his lecture 
with slides, h> demonstrated how the use of statistical 
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techniques in the manufacture of diversified products 
will enable New England industry to compete with the 
best industrial craftsmen of the West and Midwest. 

Announcement was made that 13 people have en- 
rolled in the basic quality control course sponsored by 
the section. Joseph G. Kowalski of the Firestone Indus- 
trial Products Co. in Fall River is instructor for the 
seven session course. 


The April meeting featured an ad- 
dress on “Practical control of 
quality in the coal industry” by Les Sutherland, re- 
search consultant for Truax-Traer Coal Co. 

On Apr. 17, Leon Bass, Vice President of ASQC, 
presented the charter of the section to chairman R. M. 
Berg and the executive committee at a special meeting 


CHARLESTON 


held at the Charleston Press Club. The above photo 
shows Mr. Bass (left), Mr. Berg, and the much coveted 
charter. 


A joint meeting of the section and the 
Electronics Division was held at Chi- 
cago’s Navy Pier on Mar. 27. The principals of the panel 
discussing the subject “What does management expect 
from quality control” are shown above. They are, from 
left to right, Donald MacGregor, Zenith Radio Corp.; 
Bernard G. Sahlins, The Pentron Corp.; Wiiuiem L. 
Lieberman, The Pentron Corp.; Frederick K. Stamm, 
Lenz Electric Mfg. Co.; and Joseph T. Heller, Dearborn 
Electronics Laboratories. 

On Apr. 10, Dr. Harry E. Sagen of Abbott Labora- 
tories, Inc., delivered a talk on “Developing a quality 
attitude.” One of the most important lessons learned 
from this interesting program was that a quality atti- 
tude of members of the production team requires 
thorough understanding of the need for attaining a spe- 
cific quality goal. 


CHICAGO 
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Our annual social evening with a din- 
ner for the ladies was held Apr. 27 at 
the Colony Restaurant. Mrs. Gloria Strong, Ohio Bell 
Telephone Co., gave a very interesting and informative 
talk on “The men on my line.” 


COLUMBUS 


CORNING Over 50 members and guests were hon- 
-ELMIRA ored to hear R. M. Hofstead of Bristol 
Laboratories, Syracuse, N. Y. speak on 
“SQC in manufacturing” on Apr. 9 at the Langwell 
Hotel, Elmira. Prior to the meeting, a plant tour of the 
General Electric plant in Elmira was enjoyed. The sec- 
tion’s thanks go to our treasurer, Willis Williamson, for 
arranging such an interesting tour. 
DELAWARE Thirty-three members and guests at- 
tended the Apr. 4 meeting. This in- 
cluded an afternoon tour of the International Latex 
Corp. plant at Dover, Del. and a panei discussion in the 
evening conducted by members of the International 
Latex quality control team. 
DENVER The April meeting was highlighted by a 
tour of the Sundstrand Aviation-Denver 
plant. Morris Hickev, director of quality control, to- 
gether with members oi his staff, acted as guide for the 
tour. Uses of QC in various phases of the factory were 
explained. Coffee and rolls served in the Sundstrand 
cafeteria concluded the tour and permitted members 
to discuss the tour and many new ideas for use in 
their companies. 
GEORGIA The Atlanta group met on Apr. 30 and 
heard a talk on “Some comments on ap- 
plication of statistical methods in accounting” by Dr 
John H. MacKay, Georgia Institute of Technology. 
Visitors included representatives from the National 
Association of Cost Accountants, Georgia Society of 
Certified Public Accountants, Atlanta Society of Con- 
trollers, and the American Society of Women Account- 
ants. 

A questionnaire has been distributed to the members 
to learn their preference for local meetings and pro- 
grams. The returns will be used to plan the fall pro- 
gram. 


An attendance of 50 members and 
guests was attracted to the Apr. 
25 dinner meeting to hear an unusually interesting talk 
presented by Mr. Kanter, staff representative of the 
UAW-CIO. Mr. Kanter’s duties with the UAW-CIO 
include time study, job evaluation, and work standards; 
hence the topic “The union looks at quality control” was 
interesting, factual, and well received. 


GRAND RAPIDS 


Thirty-five members attended the 
dinner meeting held Apr. 11 to hear 
J. B. Cobb of the research department 
of Standard Oil Company of Indiana. His topic was 
“Quality control in a petroleum refinery.” The pres- 
entation was very interesting and informative which 
was proven by the activity of the informal discussion 


which followed the talk. 


GREATER 
MUSKEGON 


HARRISBURG On Apr. 6 about 65 members and 
guests enjoyed our annual panel dis- 
cussion at Warner’s Dairyland in Red Lion. The interest 
and participation was the best yet at one of these pro- 
grams. In fact, one of the subjects scheduled for dis- 
cussion had to be omitted because of the late hour. 





KANSAS CITY Roy A. Wylie, Micro Switch Div., 

Minneapolis-Honeywell Corporation, 
Freeport, Ill. was the guest speaker at the April dinner 
meeting which was held at the Blue Hills Restaurant. 
Mr. Wylie’s subject “Analysis of Variance” presented the 
statistical techniques that provide the classification of 
variation in a process or product into meaningful com- 
ponents. 


LOS ANGELES The Apr. 16 meeting continued the 

series of discussions on reliability. 
At the clinic session, Dr. O. B. Moan discussed the 
mathematical principles in reliability particularly for 
elements in series, in parallel, or in any combination 
of series or parallel arrangements. The results of his 
researches have appeared in the February and April 
issues of Control Engineering, and his final installment 
will appear in the June issue. 


The April meeting was held at the Con- 
tinental Baking Co. T. Y. Hicks of the 
Service Bureau Corp. was the speaker. He described 
some of the uses of computers in industry, particularly 
in the field of quality control, and explained the services 
available to industry and business through the Service 
Bureau Corp., a subsidiary of IBM Corp. 


MEMPHIS 


MEXICO CITY On Apr. 25, a dinner meeting was 
held at which time certificates were 
presented to those who completed the spring course on 
statistical quality control which was conducted from 
March 4 to April 8. This was the twelfth course offered 


by the section. 


MICHIGAN On Apr. 19, all committee chairmen 

met at the home of the newly elected 
chairman Harmon S. Bayer. Plans for the 1957-58 year 
were formulated. Plans were started on a section family 
picnic with a tentative date of Aug. 24. 


MUNCIE This section held its regular monthly 

meeting on Apr. 11 in the Pine Shelf 
Room of the L. A. Pittenger Student Center. G. W. 
Howard of Convair’s Ft. Worth Division was the speak- 
er. The bread and butter title of his remarks was “A 
SQC program which speaks management language— 
dollars.” ‘ 


A clinic meeting was held at the 
Hamden Plains Methodist Church 
on Apr. 23. The topics for discussion were “Design of 
experiments” and “Problems in quality control man- 
agement 


NEW HAVEN 


Program chairman Earl Godard did a ter- 
rific job in inviting Prof. Gayle W. Mc- 
Elrath, University of Minnesota, as speaker of the eve- 
ning on Apr. 8. Prof. McElrath spoke on “Some quick 
and easy statistical methods” and held the section spell- 
bound until the end of his address. 


RACINE 


ST. LOUIS At the Apr. 26 meeting Norman R 
Moss, IBM Corp., gave a very informa- 
tive talk on “Computers as applied to statistical cal- 


culations.” 


SALT LAKE CITY The largest crowd of the season 

turned out to hear Richard Ede 
of the U. S. Steel Co. present “Special statistical methods 
as applied to the metals industries.” The sharpness of 
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the simply-presented advanced techniques in uncover- 
ing trouble areas where apparently none existed, caused 
the question and answer session which followed, to go 
far beyond the usual closing time. 

On Apr. 25 Don Loomer, Salt Lake Refining Co., 
played host to a large crowd of members and guests 
by asking them on a three hour conducted tour of the 
laboratory and the control room of the catalytic crack- 
ing plant. The flow of quality control samples from 
plant to laboratory was demonstrated along with the 
dissemination of information from the laboratory back 
to the plant. 


SEATTLE On Apr. 9 this section visited the Kaiser 


Aluminum Company’s reduction plant in 
Tacoma. Following a brief orientation, the group toured 
the plant and the testing facilities. 


H. J. Jacobson of the P. R. Mallory 
Co. was the principal speaker at the 
April meeting. The following slate of candidates for the 
new year was presented to the section by the nominat- 
ing committee: Chairman J. G. McQuarrie, vice chair- 
man Ken Keneaster, secretary R. Shappee, and treas- 
urer A. R. Stark. 


SOUTH TEXAS 


The annual general meeting of the 
Toronto section was at the “Sign of the 
Steer” Restaurant on Apr. 10. Reports on the year’s 
progress were made to the members. Speaker of the 
evening was Miss Bonnie B. Small, Western Electric 
Co., whose subject was “Control chart analysis for engi- 
neering experiments.” 

On Apr. 24 the section visited the Malton Plant of 
Orenda Engines, Ltd. In addition to being shown the 
production facilities for the manufacture of jet engines, 
members heard their host, L. E. Marchant, chief inspec- 
tor and quality control manager, talk on the principles 
of operation of gas turbines and the quality control 
problems related thereto. 


TORONTO 


Toronto All-Day Forum 


One of the largest single day conferences in the his- 
tory of ASQC was held in Toronto, Ont. on Mar. 9. Or- 
ganized by the Toronto section and held on the campus 
of the University of Toronto, it was attended by 440 
members and guests. 

Most popular was the all day general training course, 
conducted by W. A. MacCreahan, Radio Div., Bendix 
Aviation Corp. 

Speaking on specialized subjects were C. R. Burdick, 
F. Norris, L. M. Freeman, Simon Collier, Dr. A. V. Fei- 
genbaum, L. E. Marchant, M. T. Neill, L. F. Myers, C. A. 
Bicking, and M. V. Morreale. 

Responsible for the success of the forum were the 
members of the Forum Committee: M. A. Smith, chair- 
man; W. F. Foskett, program; J. D. Butler, secretary; 
J. E. Boradman, treasurer; R. T. de la Rosa, arrange- 
ment; and F. G. Thompson, publicity. 

The climax of the day’s activities was the banquet at 
which the address was given by H. D. De Young, Presi- 


dent, Atlas Steel Corp. 
WINDSOR Ralph E. Burt, President of the National 
YOU Association, Springfield, Mass., 
used “Quality communications and employee relations” 
as the theme of his talk at the April meeting. He outlined 
methods of improving employee relations through 
better leadership and improved communications between 
the supervisors and the workers with regard to quality. 
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His talk proved to be of mutual interest to the workers 
and members of management who were present as spe- 
cial guests. 
WINNEBAGO About 50 members and guests en- 
joyed the instructive address on 
“Statistical techniques in industrial engineering prob- 
lems” given by Dr. Marvin Mundel at the Apr. 8 meet- 
ing. The Marquette University professor related several 
excellent examples, with the aid of slides, showing prob- 
lems and methods of solution. He aptly made clear that 
statistical quality control and its proper application are 
of great necessity in the sound industrial engineering 
complex. 

The training session was attended by 40 members. Dr. 
Carl Noble, Kimberly-Clark, discussed “Significance 
tests.” 





“,.. CAST THEIR SHADOWS BEFORE” 











DELAWARE Regular monthly meetings are not 
held during the summer months but 
the officers and directors and other members of the 
executive committee will continue to meet throughout 


the summer to complete plans for the 1957-58 season. 


The final business meeting of the year will 
be held during June. The committee se- 
lected for nomination of officers will report at that time 
and officers for 1957-58 will be elected. 


DENVER 





“AS YE SOW...” 


Requests for further information shouid be sent to 
Fred R. Sheldon, Becco Chemical Div., Food Machinery 
and Chemical Corp., Station B, Buffalo 7, N. Y. 


NEW DEVELOPMENTS IN A special summer 
INSTRUMENTAL ANALYSIS program “New de- 

velopments in _ in- 
strumental analysis” will be offered at the Massachusetts 
Institute of Technology Aug. 26-30. 

The level of the lectures will be such as to make them 
useful to the chemist who has had some experience with 
the common instrumental methods. Among the topics 
to be discussed will be; derivative and differential tech- 
niques, oscillographic and alternating-current polar- 
ography, current-voltage-time methods such as chrono- 
potentiometry, gas chromatography, scintillation count- 
ing, spectrofluorimetry, photometric titrations, and ther- 
mometric titrations. The basic principles and theory will 
be given for each method as well as typical applications 
in research and analysis. 

Tuition for the one-week program will be $150. 

Further information regarding this course can be ob- 
tained by writing to Office of the Summer Session, Room 
7-103, Massachusetts Institute of Technology, Cambridge 
39, Mass. 





“FOR MANY ARE CALLED, 
BUT FEW ARE...” 




















The 4th annual seminzex “Quality control 
for management” will be held during the 
third week of June. The same rationally-known faculty 
that presented the previous sessions will conduct the 
seminar meetings under the able direction of Len Seder. 


BOSTON 


The sixth annual TAPPI course 
on the use of statistical methods 
in the paper industry will be held 
on the campus of the University of Washington, Seattle, 
from July 8 to July 19. 

As in recent years, the course will consist of a basic 
course and an advanced seminar, running concurrently. 

The basic course will deal with paper-mill applications 
of the basic statistical techniques. It is intended for 
those who wish to acquire some knowledge of, and 
facility with, these simpler but exceedingly valuable 
statistical techniques and those who have had little or 
no previous formal training in statistical methods. 

The advanced seminar is intended for people who have 
experience and definite facility in the use of the simpler 
techniques and who wish to gain training and practice 
in the special problems that arise in applications. 

Enrollment is limited to 40 in the elementary course 
and to ten in the advanced seminar. 

The teaching staff will include: Geoffrey Beall, Gil- 
lette Safety Razor Co., Boston, Mass.; K. E. Vroom, 
Pulp & Paper Institute of Canada, Montreal, Canada; 
and J. B. Brown, Crown-Zellerbach Corp., Camas, Wash. 

Fee for the course, including the cost of instruction, 
textbooks, course material, board and lodging, will be 
$200 for the elementary course and $300 for the ad- 
vanced seminar. 

Applications for enrollment should be sent to: Dr. 
Joseph L. Mcarthy, Department of Chemical Engineer- 
ing, University of Washington, Seattle 5, Wash. 


TAPPI COURSE 
JULY 8-19 
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Newly elected officers of the sec- 
tion are: chairman—John M. 
Wiesen, Sandia Corp.; vice chairman—Allen L. Thorn- 
ton, Sandia Corp.; secretary—John C. Gaskins, Amer- 


ALBUQUERQUE 
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ENLARGED SECTIONAL VIEW 
Model CS-48 


This Probe was designed by Pittsburgh Corning Corp. The in- 
strument utilizes the fact that the temperature at a line heat 
source in a block of insulating material, rises by an amount that 
depends on the thermal conductivity of the material. 


FOLDER AND PRICE UPON REQUEST 





As our name implies we also welcome the opportunity to 
work on custom design and manufacture of testing instru 
ments of all types for individual and general needs. 











CUSTOM SCIENTIFIC INSTRUMENTS, INC. 


541 DEVON ST. KEARNY, N. J. 
TEL. KE 2-6403 




















Do You Have Trouble 
Keeping Track of 
Your IQC’s? 


Now /ndustrial Quality Control can become an at- 
tractive and permanent part of your business or 
home library. 


These famous Jesse Jones files are especially de- 


signed for /ndustrial Quality Control to keep your | 


copies orderly, readily accessible at all times. Guards 
against soiling, wear, tearing and misplacement of 
copies. 


Each file box will 
keep a complete 
Volume—12 issues 
—of IQC in perfect 
condition. .. . 


Back Volumes from 
I-XI will fit into 5 


file boxes. . 


No irritating wires 
to handle — Each 
copy can be readily 


removed. 


These durable files 
(will support 150 
Ibs.) come in Light 
Blue & Gray Kivar 
Cover. Looks and 
feels like leather 
and is washable. 
The 16-carat gold 
lettering makes it 
a fit companion for 
the most costly 
binding. 


Reasonably priced, too. Only $2.50 each, 3 for 
$7.00, 6 for $13.00, Postpaid. Add $1.00 postage 
for orders outside U. S. Satisfaction unconditional- 
ly guaranteed or your money back. 


For prompt shipment of these attractive files, use 
coupon below. 


Jesse Jones Box Corporation, Dept. 276 
P. O. Box 5120 


Philadelphia 41, Pa. 


Please send me postpaid,. .. . . files for Industrial Quality Control. 





























ican Car and Foundry Corp.; and treasurer—George O. 
Hawley, Sanida Corp. 


At the annual meeting in April, the fol- 
lowing section officers were elected: chair- 
man—Harry Duane; vice chairman—Miss Dorothea 
Looney; treasurer—Martin Rogers; secretary—William 


Donovan. 

CHARLESTON The officers elected to lead the sec- 
tion during the next year are: chair- 

man—C. M. Drummond, du Pont; vice chairman—E. O. 

Lail, C & P Telephone Co.; treasurer—H. C. Morton, 

Carbon Fuel; and secretary—C. J. Kennett, Carbide. 


BOSTON 


COLUMBUS Officers for the ensuing year: chair- 

man—Roy Cowin, Kimble Glass Co.; 
vice chairman—Ed Haigh, Timken Roller Bearing Co.; 
secretary—Ray Miller, Jeffrey Mfg. Co.; and treasurer— 
Don Seelbach, Denison Engineering Co. 


CORNING _ The results of the election for officers of 
-ELMIRA the section have been announced. The 
officers for the coming year are: chair- 
man—Herman Albertine, Westinghouse Electric Corp.; 
vice chairman—E. B. Godsey, Corning Glass Works; 
secretary—Willis Wiiiiamson, General Electric Corp.; 
treasurer—Alan Stone, Corning Glass Works. 


GREATER Officers for the 1957-58 year were 
MUSKEGON elected as follows: chairman—M. V. 
Pascavis, Muskegon Piston Ring Co.; 
vice chairman—Merril Bailey, Anaconda Wire & Cable 
Co.; secretary—Ray Porter, Muskegon Piston Ring Co.; 
treasurer—Basil B. Smith, Michigan Spring Co. 


The officers elected at our April 
meeting for the 1957-58 year are as 
follows: chairman—C. W. Brosey, AMP, Inc.; vice 
chairman—S. A. Combs, Borg-Warner Corp.; secretary 
—I. J. Bearer, Schick, Inc.; treasurer—D. J. Goodall, 
Thompson Products. 


HARRISBURG 


MEMPHIS The officers for the 1957-58 season were 

announced as follows: E. D. Robinson, 
chairman; H. D. Green, vice chairman; F. B. McDaniel, 
treasurer; and M. L. Brandon, secretary. 


NEW HAVEN Preceding the April meeting, an elec- 

tion of officers was held for the 1957- 
58 season. The elected officers are: chairman—Dave Al- 
bert, Aveo Lycoming Division; vice chairman—Dan 
Grove, Revere Corp. of America; secretary—George 
Georgis, Revere Corp. of America; treasurer—William 
Ajello, Westport Development and Mfg. Co. 


At the annual general meeting of the 
section the following were elected as 
the 1957-58 executive: chairman-—-M. J. O'Callaghan, 
British American Oil Co., Ltd.; vice chairman—M. F. 
Ward, Avco Aircraft, Ltd.; secretary—H. W. Kempling, 
Collings Radio Co. of Canada, Ltd.; treasurer—J. D. 
Butler, International Business Machines Co., Ltd. 


TORONTO 


The Pharmaceutical Quality 
Control Group of New Jersey 


JERSEY 
PHARMACEUTICAL 
has elected the following 


QC GROUP 

members to serve for the year 
ending March, 1958: chairman—William M. Spencer, Jr., 
Bristol-Myers Co.; secretary-treasurer and chairman 


NEW 
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elect—Joseph W. Kouten, Carroll Dunham Smith Phar- 
macal Co.; secretary and treasurer elect—Robert A. 
Miller, E. Bilhuber, Inc. 











DIVISIONS 








Administrative Applications Division 


The Division’s first technical conference was held at 
the Congress Hotel in Chicago on Feb. 8-9 with 209 
registrations for the entire conference. In addition 149 
registered for various parts. The program was very di- 
versified with 18 speakers plus A. F. Jacobson’s talk 
at Friday’s luncheon. 

The nominating committee has selected the following 
candidates for division officers for the year 1957-58: 
chairman—Paul A. Robert, Gruen Watch Co.; vice 
chairman—Carl E. Noble, Kimberly-Clark Corp.; secre- 
tary—William F. Buhl, B. F. Goodrich Co.; treasurer— 
Samuel H. Troxel, Jr., Ohio Bell Telephone Co. 


Chemical Division 


A fourth session of the Chemical Division course on 
the Box method of experimentation was offered at MIT 
with Dr. J. S. Hunter of Princeton University Statis- 
tical Techniques Group instructing. 

The Division has succeeded in gaining new members 
by sending a brochure on the advantages of member- 
ship plus the latest issue of “Chemical Division News” 
to all non-member participants in chemical industry 
conferences, training courses, etc. In the case of the 
symposium on the use of statistical methods in the 
chemical industry held recently at Stevens Institute 
of Technology, this meant a mailing of over 400 pieces. 





SIGNIFICANT DIFFERENCES 





Austin Fraser, formerly with A.M.F., has recently 
joined the QC staff of Raytheon Manufacturing Co., 
Missile Division, Andover, Mass. 

Lee Fantz of the Calumet sub-group, Chicago section, 
now holds the position of vice president and director of 
manufacturing at the East Chicago, Indiana plant, Mag- 
nesium Company of America. He was formerly asso- 
ciated with the Anderson Co. 

Wm. Wahrhaftig has taken over as instructor in a 
course on statistical quality control at Pasadena City 
College for the remainder of the spring term. 

Emerging from the merging of the Broderick Com- 
pany was this happy news: D. G. Browne, formerly sales 
manager of the company, was promoted to vice presi- 
dent, sales. “Brownie” is a Fellow of the Society and a 
member of the Muncie section as well as an executive 
director of the Society and an all around Society stal- 
wart. Congratulations, Brownie! 

Congratulations to Andrew Millar on his appointment 
to the position of staff assistant to the operating manager 
of Chrysler Corporation of Canada, Ltd. In his former 
position of assistant general superintendent of the motor 
plant, “Andy” did much to assist the Windsor section. 
We wish Andy every success in his new position. 
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Ervin E. Schiesel 

t is with a pro- 

found sense of 
real loss that we 
report here the 
tragic death of 
Ervin E. Schiesel 
who was killed in 
an automobile ac- 
cident on the Wil- 
bur Cross Park- 
way in Connecti- 
cut about 1:30 pm 
on Tuesday, April 
16, 1957. Details 
of the cause of the 
accident are still 
not clear, but his 
car crashed head- 
on into a bridge 
abutment and it is 
believed his death 
was almost instantaneous. There were no witnesses to 
the accident, and no evidence of skid marks indicating 
that Erv was aware of impending danger. He was 35 
years old. 


Erv graduated from Meriden High School and the 
Stevens Institute of Technology, and he held a master’s 
degree from Columbia University. In World War II, he 
served as a lieutenant in the U. S. Navy on the aircraft 
carrier USS Enterprise, receiving a citation from James 
Forrestal, Secretary of the Navy, for his many con- 
tributions to engineering during the war. 


He was president of the Arrowhead Associates in 
Meriden and vice-president of engineering and sales at 
the Mattatuck Manufacturing Company in Waterbury. 
The company which he headed was distinguished by 
the fact that it employed only handicapped persons in 
its factory. To quote from an editorial in the Hartford 
Journal, “Many of them, in the eyes of those less gifted 
in understanding than Mr. Schiesel, were hopelessly 
crippled. Some were double amputees. Others were 
blind. Nearly all had been on relief when this young 
executive gave them their opportunity. His whole staff 
of more than 25 persons became self-supporting, some 
to the extent that they were able to pay a substantial 
income tax. It was proof, all around, that the profit 
motive and humaneness can get along well together, if 
one wants them to.” 


Erv was a member of the Southern Connecticut 
Section of ASQC and had long been active in SQC 
work. He served as Regional Director for the New 
England Region in 1952-53, as an Executive Director in 
1953-54 and 1954-55, as ASQC Treasurer in 1955-56, 
and was a Vice President of the Society at the time of 
his death. He was a member of the faculty of the Uni- 
versity of Connecticut, serving as a guest lecturer on 
quality control. 


In addition to his parents, Erv is survived by a sister, 
Mrs. Sidney Shindell, of New Haven. Funeral services 
were held Thursday, April 18 in the vestry of Temple 
B’nai Abraham in Meriden. 


Not only the American Society for Quality Control, 
but the entire society of human fellowship has lost a 
warm and valued friend and leader through this fatal 
accident. 











It is with deep regret that the Syracuse section 
reports the sudden and untimely passing of its 
treasurer, Mr. Gerald N. Gaynor, on Januay 19, 
1957. Jerry was an ardent and enthusiastic officer 
and his inspiring personality will be greatly missed 


The Kansas City section lost a faithful member 
recently in Clyde G. Atchinson. Mr. Atchinson, 
assistant chief metallurgist at the Sheffield Steel 
Corporation, was one of the early members of the 
section and served in many capacities in the growth 


by those who worked with him. 











of the section. He will be truly missed. 











What's New? 


When inquiring about “What’s New? 


The Shefiield Corp., Dayton 1, Ohio 
has developed a new Column Type 
Precisionaire air gage spindle for 
inspecting narrow width circular 
parts with large inside diameters. 
Prior to the development of the new 
spindle design, loading and unload- 


bores presented a problem in mass 
production inspection because the 
part frequently became cocked or 
hung on the spindle. The new gage 
consists of an angled spindle incor- 
porating three sets of Plunjet gaging 
cartridges connected to a three col- 


ROY A. WYLIE, Editor 


” items, please mention INDUSTRIAL QUALITY CONTROL 


operator presents the part to the 
spindle and glances at the position 
of the floats in the Precisionaire to 
read average diameter and the 
amount of out-of-roundness. In the 
illustration one of the new gages is 
being set up with a master setting 


ring for checking automobile fly- 
wheel ring gears. 


ing narrow parts with large size umn Precisionaire gage. To use, the 


se ? 3 


Accurate pressure calibrations not 
ordinarily possible with oil dead- 
weight testers or mercury manome- 
ters can now be accomplished with a 
new primary pressure standard 
available from Consolidated Elec- 
trodynamics Corp., 300 North Sierra 
Madre Villa, Pasadena, Calif. Oper- 
ating as an air dead-weight tester, 
this instrument offers the advantages 
of a frictionless pressure medium, 
extreme accuracy even at pressures 
of less than one psi, and portability 
regardless of the pressure range. 
Pressure calibration is achieved by 
balancing controllable air pressure 
against the force generated by a 
weighted piston. When the piston is 
lifted and held in a suspended posi- 





MEET OUR 10,000th MEMBER 


While processing applications during April, the 
Headquarters Office found that Reinhold Fischer’s 
application was the 10,000th application for mem- 
bership in the Society. The fact that Mr. Fischer is 
a member of the Charleston section, one of the 
very recent additions to our family of sections, is 
significant in that it points up the way in which 
our Society is growing and is fast gaining recog- 
nition as an important and indispensable tool of 
industry. 

The pictorial description of this event shows 
Robert Berg, (left) chairman of the Charleston 
section, welcoming Reinhold Fischer, on behalf 
of Society president Dale Lobsinger, as the 10,000th 
member to be processed into the Society. 

Our heartiest congratulations to Mr. Fischer for 
achieving this distinction. 
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tion by air pressure, a given pressure 
has been established. This same 
pressure, fed simultaneously to the 
device under test, provides the 
means for calibration. The pressure 
medium—air—is practically friction- 
less. Friction between cylinder and 
piston is dispelled by momentarily 
actuating a motor-clutch assembly, 
which starts the piston rotating. The 
basic unit houses a drive motor and 
an assembly on which one of a selec- 
tion of piston-cylinder combinations 
can be mounted. The upper part of 
the unit is fitted with a glass cover. 
When the Standard is used as a 
gage—type instrument, a dry air sup- 
ply, a regulator, and the device being 
calibrated are all that is necessary. 
Under these conditions, the glass 
cover serves merely as protection 
against dust. However, when the 
unit is used as an absolute device, 
the cover provides a seal to the case 
and the unit can be evacuated 
through the reference-pressure fit- 
ting. This feature of the instrument 
allows it to be used directly for 
calibrating an “absolute” type trans- 
ducer. Once the glass chamber has 
been evacuated, the weights are ref- 
erenced to essentially absolute zero 
pressure rather than ambient pres- 
sure. 
e.2 2 

A new portable, self-powered vibra- 
tion testing instrument which will 
enable companies to set up routine 
programs of seeking out vibration 
and establishing acceptable toler- 
ances in production, inspection and 
maintenance, has been announced 
by International Research & Devel- 
opment Corp., 797 Thomas Lane, 
Columbus, Ohio. The Model 305 
Portable Vibration Amplitude Me- 
ter is equipped with a meter cali- 
brated directly in three ranges of 
0.1, 1.0 and 10.0 mills full scale 
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reading. Applications for the new 
IRD Model 305 include three major 
categories: inspection, production 
and preventive maintenance. For 
example, quality control of electric 
motors, fan assemblies, blowers, 
compressors and any rotating equip- 
ment where a balance or vibration 
specification is prescribed. Neceiv- 
ing Inspection may utilize the in- 
strument for inspection of incoming 
assemblies and rotating components. 
Another application of the new 
model is for machine tool mainte- 
nance. For example, acceptable vi- 
bration tolerances may be estab- 
lished for machine tools to assure 
production within specified toler- 
ances of finish and dimension. 
Routine inspection is then made of 
the machine tools, vibration level 
recorded, and when excessive vibra- 
tion is present, other vibration 
analyzing equipment may be used 
for further analysis and correction 
of the vibration. 
x~* * * 


It is now possible to select a com- 


pletely standard Indicator Depth 
Gage for practically any part condi- 
tion by utilizing a standard series 
of interchangeable gage components 
being marketed by the A. G. Davis 
Gage & Engineering Co., 21435 
Dequindre Road, Hazel Park, Mich. 
By selective variation of components 
over 3500 standard depth gages may 
be specified to gage special dimen- 
sions. No alteration of standard 
components is required. Complete 
depth gages may be ordered by 
combining the selected component 
model numbers, eliminating the nec- 
essity of design drawings in most 
cases. Where permanent record 
drawings are desirable or required, 
full scale tracing templates are 
available on request. Standard mod- 
els may be easily set to either gage 
blocks or a master set gage. Any 
of the popular makes of indicators 
may be furnished with the gage 
x* * * 

Allegany Instrument Co., 1091 Wills 
Mountain, Cumberland, Md., has in- 
troduced a high rate tensile and 
compressive tester, Model 625. New 
materials as well as new design 


| 


 tochking fox 
HARDNESS 
TESTING 

| FACTS? 
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Get this free catalog 


Catalog contains complete details 
on all types of Brinell Hardness 
Testers . . . for laboratory, or pro- 
duction: Dead Weight, Hydraulic, 
Hand or Motor Operated, Large 
or Small, Standard and Special. 


Since 1914 


8803 Lyndon Ave., Detroit 38, Mich. 


Mail this coupon for above Brinell 
Catalog. Check interest below on 
other types of testing machines. 
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and manufacturing techniques now 
demand comprehensive testing at 
deformation rates comparable to 
those the product actually encoun- 
ters in use. This need has led to 
the development of the ALINCO 
Model 625 High Rate Tension and 
Compression Tester, which provides 
a completely calibrated stress-strain 
record of the deformation of a speci- 
men, at rates as high as 6000 inches 
per minute. Thorough investigation 
of ultimate yields, elastic moduli, 
temperature effects, etc., can be 
obtained at reasonable cost by non- 
skilled personnel. To test a mate- 
rial, the operator clamps a speci- 
men in. the tension or compression 


jaws of the machine. He then 
depresses the CALIBRATE button, 
and a series of dots are placed on a 
photographic record by the elec+ 
tronic section of the High Rate 
Tester in a fraction of a second. 
These dots represent increments of 
stress in the vertical direction, and 
strain in the horizontal direction. 
The operator then depresses the 
OPERATE button and the specimen 
is distorted at a constant preselected 
rate. Both the distortion (strain) 
and the load (stress) is photograph- 
ically recorded as a_ stress-strain 
curve. In addition, timing dots are 
put on the record while the specimen 
is being stressed. Further informa- 


tion is available from the 


facturer. 


manu- 
x * * 


NEW LITERATURE 


A new four-page catalog sheet, 
detailing its Strain Gage Apparatus, 
Model BL-1516, has just been re- 
leased by the Brush Electronics Co., 
3405 Perkins Avenue, Cleveland 14, 
Ohio. The instrument is a versatile 
unit for measuring both static and 
dynamic strain when used with the 
appropriate strain gage or resistive 
transducer. The frequency range of 
strain measurements covered by the 
instrument is from static, utilizing 
the built-in large scale meter, up to 








YOUR Report of PROCESSING QUALITY LEVELS is SURE to reach to FRONT OFFICE when you use 
R. G. BOCK P. Q. SCOPES with the QUALITY INDEX of STANDARD CONFORMITY. 


for complete information address 


R. G. BOCK ENGINEERS — 905 No. Sheridan Rd., Peoria, Illinois 











Special Roster Change Notice 


(Please Print) 





Name 


Address 





(city) 
Section 
Job title 
Company 


Co. Address 


(city) 


(zone) (state) 





Other changes 





— Office Use Only — 
Do not write in this spoce 


Ser. No. 
State Code 
City Code 
Section Code. 








base inks or typewriter. 


Important: Please do not use ball point or other dye-type inks. 
This form will be Thermofaxed and thus requires pencil, metallic- 


AS QC Members..... 


We need your help 
in checking our records 


The 1957-58 issue of the 
ASQC Membership Roster is 
now being prepared for pub- 
lication this Fall 


If you have had any changes 
in your home address, com- 
pany name or address, job 
title, or any other correc- 
tions that should be made, 
please fill out the blank at 
the left and return to Na- 
tional Headquarters at once 


Deadline for returning this 
form is June 28, 1957. 


Mail to: 

ASQC 

161 W. Wisconsin Ave. 
Milwaukee 3, Wis. 
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50,000 cps with the appropriate 
readout device and accessories. 

Visi-Trol Engineering Co., 9345 
Hubbel}, Detroit 28, Mich., has pub- 
lished a 4-page illustrated bulletin 
covering their line of free-standing 
portable inspection cabinet assem- 
blies; eye-level quality control chart 
stands and chart holders; self-stack- 
ing steel storage racks and portable 
rotating storage drums for line stor- 
age, conveyor carrier or in-process 
operations. 

A 19-page illustrated catalog of 
Electrolimit Comparators and auxil- 
iary equipment has been published 
by Pratt & Whitney Co., Inc., Char- 
ter Oak Blvd., W. Hartford 1, Conn. 

A new 6-page folder describing 
the Webber Micro-Accurate Optical 
Height Gage is announced by Web- 
ber Gage Co., 12912 Triskett Road, 
Cleveland 11, Ohio. The bulletin 
describes the various features of the 
Webber Optical Height Gage which 
measures heights up to 61 inches 
with accuracies of plus or minus 
0.000005 per inch of height. The gage 
combines Webber Gage Blocks and 
the Leitz Measuring Microscope to 
create an entirely new principle of 
height measurement. 

A new six-page folder, illustrating 
and describing its direct writing re- 
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cording systems, has been released 
by the Brush Electronics Co., 3405 
Perkins Avenue, Cleveland 14, Ohio. 
The folder covers the company’s line 
of oscillographs, amplifiers, its pen- 
motor, plus accessories and supplies 
used with the basic instrumentation. 
The folder also lists application in- 
formation, plus application and de- 
sign features of many of the instru- 
ments covered. 

A 4-page illustrated bulletin on the 
Proficorder is available from Micro- 
metrical Mfg. Co., 345 South Main 
St., Ann Arbor, Mich. The Profi- 
corder is an instrument for research, 
experiment and production, designed 
to afford a flexible, accurate means 
for showing the true profile of prac- 
tically any machined or finished 
surface. 

Ways to use low-cost optical in- 
struments to simplify and speed 
manufacturing and inspection opera- 
tions are outlined in a new booklet 
published by the Bausch & Lomb 
Optical Co., 625 St. Paul St., Roches- 
ter, N. Y. The booklet, “Industrial 
Optical Aids,” contzins up-to-date 
information on a wide assortment of 
inexpensive precision optical instru- 
ments and suggests ways to use them 
to gain faster, easier, lower-cost pro- 
duction. Items discussed include 


CARL E. DIESEN 
Monoager, Electronic 
Doto Processing 


magnifiers, microscopes, wide field 
tubes, microscopes and comparators. 

A Reference Table for Engineers 
and Quality Control people in wall 
chart form has been published by 
Precision Equipment Co. Included 
are common conversions such as 
inches to centimeters or watts to 
horsepower, as well as many conver- 
sions that are difficult to locate in 
reference manuals. For a free copy 
of the wall chart, write to Precision 
Equipment Co., 3716 North Milwau- 
kee Ave., Chicago 41, Iil. 


POSITIONS WANTED 
Address all replies to box number reference 
to: American Society of Qualit ae. 
Room 6197 Plankinton Bldg., 161 
sin Ave., Milwaukee, Wis. 
QUALITY CONTROL MANAGER ca- 
pable of supervising a group responsible 
for: 
Statistical Quality Control 
Plant Inspection 
a. Raw materials 
b. In process materials 
c. Finished goods 
Establishment of Sales products 
Specifications: 
raw material specifications; 
and testing procedures. 
Maintenance of Quality Levels, 
through quantitative inprocess 
and finished goods sampling 
Please reply to Box 13M1 at the above 
address. 


IBM No. 704 Electronic Dota Processing 
Equipment used at Bell Aircraft 


PROGRAMMERS — Bell Aircraft’s expanding facilities and new building for 


Electronic Data Processing provide rewarding opportunities for numerical ana- 


lysts in analyzing and programming problems for an IBM No. 704. This group 


will deal with mathematical computations arising in research and engineering 


in advanced airplane design, guided missiles, rockets and nuclear development 


Bachelor's degree or higher in mathematics or physics required with experi- 


ence in programming for a stored program computer desirable. 


DATA PROCESSING ANALYSTS -— Equally advantageous opportunities 


for those with heavy experience in accounting and punched 


card techniques and procedure writing. This group will plan 
procedures and techniques and do computer programming 
in preparing reports for improved managerial control of 


accounting 


Salaries 


liberal benefits and excellent working conditions. Send 


and manufacturing processes. 


commensurate with training and experience, 


I 


Myyry Aft t vy 


resume to: Carl E. Diesen, Manager, Electronic Data Pro- 


cessing. Dept. © B. BELL AIRCRAFT CORPORATION, 
P. O. Box One, Buffalo 5, New York. 


Electronic Data 
Processing 
BUFFALO, N.Y. 











CONSULTING SERVICES 
Responsibility of the American Society Quality Control Consultant 
Services advertising is limited to cer- Fellow, ASQC QUALITY 
tification that advertisers hold the grade 1154 Book Building Telephone 


ef membership in the Suciety stated in Detroit 26, Michiges WOcdward 5-3796 C O N T R O | 
their advertisements. Qualification re- 


quirements for the several grades of 
membership are set forth in the Con- QC Planning Defect Prevention 
stitution of the Society. LEONARD A. SEDER Expanding and diversified 

FELLOW, ASQC organization has permanent 
267 HAWTHORNE ST. 














and interesting openings for 
top-level QC Engineers and 
Managers at several loca- 
tions. Please submit com- 


BERNARD HECHT | | plete details of education, 


Quality Control & Reliability Specialist — ; ; 
Senior Founding Member, ASQC experience, and earnings in 
Planning and Staffing confidence to: 
Q. C. Organizations 


QUALITY CONTROL 5410 = ae WILLIAM PLANT, 
ENGINEERS CENTRAL PERSONNEL 


Excellent opportunity for quality 
control engineers to advance with Management Controls THE GENERAL 
the nation’s leading rocket com- FOUNDED IN 1943 


pany. Ideal locations near Los References and Literature on Request TIRE & RUBBER COMPANY 


Angeles or Sacramento, Califor- 
nia offer outstanding recreational Senior Partner: 699 Rose Ave. 
facilities and climate. W. E. JONES Des PLAINES, ILL. AKRON 9, OH 0 


Fellow, ASQC Vanderbilt 4-6533 
SACRAMENTO 


Chemical, Mechanical and Indus- 
trial Engineers with a minimum 


of 3 years experience in indus- 

trial quality control are needed ESSO EXPANSION NOW REQUIRES 
for an expanding rocket develop- e 

ment and production program. 


SEND RESUME TO: ; 
E. A. Ayres, head, Quality Assur- SCIENTISTS AND ENGINEERS — for Operations Research 
ance Dept., P.O. Box 1948, Sacra- projects throughout the Jersey Standard interests. These in- 
mento, California. . ; : ; 
volve the study of tefminal operations, transportation, and in- 
AZUSA ventory control problems. Such studies typically mean one or 
more field trips to collect basic data and to define the problem; 
Expanding development and pro- os . ” 
duction of control panel equip- analysis of the data to develop “‘mathematical models” of the 
ment and infrared guidance sys- problem; close work with the client to incorporate the results of 
tems has resulted in opportunities ? . 
for Electrical Engineers preferably these studies, and finally, follow up on the results. 
with electronic-optical quality 
control experience. Degree in Give full details of education, experience, desired salary, 


electrical engineering required. ‘ és , : 
availability date and references. All inquiries will be considered 


Consulting Services in Quality Control 


RALPH E. WAREHAM Organizing for Quality Training 
Fellow, ASQC 


122 Orchard Ridge 
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A Subsidiary of the General Tire 
and Rubber Company 




















INDUSTRIAL QUALITY CONTROL 





Toolmakers’ microscope reads to 0.0001" and 
1 minute of arc. Co-ordinate range 4" x 2”. 
Compact built-in rotary stage 


Make precise measurements 
to 0.0001” and cut rejects 
with Gaertner microscopes 


Here are reliable, easy-to-use micro- 
scopes for precise, indisputable measure- 
ment of piece parts, tools, dies, thread 
gages, templates, jigs, fixtures, etc. With 
these instruments you make direct, non- 
destructive measurements --- no contact, 
no distortion, images are sk-«rp and clear. 


Through the engineering facilities at 
our Chicago plant, these versatile, well 
constructed microscopes can be adapted 
to meet your exact needs. Find out now 
how you can gain new production savings 
with Gaertner measuring microscopes. 


Coordinate 
Mec:vring Microscope 


High precision 

low cost instrument 
for 2-dimensional 
linear measurement 
Range 2” x 2”, 
reading to 0.0001"’. 


Micrometer 
Slide Comparstor 


Reliable, low cosy 
instrument for linear 
measurement. Ranges 
up to 4", reading to 
0.0001" or 0.00005 


Scale Micrometer or 
Shop Microscope 
High quality, low cost 
instrument with range 
Reading to 

*, easy inter- 


polation to 0.0002". 


Write for Bulletin 161-54 


The Gaertner 
Scientifie Corporation 
1248 Wrightwood Ave., Chicago 14, Ill. 
Teleph : BUckingh 1-5335 





“BETTER ANALYSIS AND CONTROL” 


Infrared absorption curve of polyviny! 


Molecular model of 
polyvinyl alcohol 


INTRODUCING 
THE NEW KM-!I TABLE-TOP 
DOWBLE-BEAM INFRARED RECORDING SPECTROPHOTOMETER 
Designed especially for routine analyses 


Supplementing the more versatile B-A Mcdel 4-55 


FOR MORE PRODUCTIVITY 
IN THE ANALYTICAL LAB 


FOR NEW ORGANIC AND 
INORGANIC ANALYSES 


FOR MORE ACCURATE ANALYSES 


Many accessories available . . . 
New smaller over-all dimensions with no sacrifice in size of optics . . 
Sample space large and easily accessible . . . 
Rugged construction . . . Simplicity in operation and maintenance ... 


For further inf ti tte for special bulletin IR-448. 


Suid-« Ande Inc. 
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Are YOU One of the 8700 members who were unable to be with us at Detroit for the Eleventh Annual Convention? 
Did YOU miss out on the invaluable material contained in the 103 technical papers which were presented? 
YOU can still get in on the convention! YOU can still make use of the material presented at the convention! 


BY ORDERING YOUR COPY OF THE 
1957 Annual Convention Transactions 


By ordering your copy today, you can make 


HOW? 


The National Office still has a supply of the convention transactions available for sale to members 


use of the wealth of information just as it was presented to those at the convention AND keep your quality control library right up to date 
with the latest techniques and applications of statistical quality control 


Here is a list of the papers contained in the 1957 Annual Convention Transactions 








Strategy in Reseorch 

Statistical Methods in Sorting Operations 

Statistical Studies of Rosin Sizing Evaluation 
Variables: 1V. The Determination of Mini- 
mum-Cost Testing Procedures 

How To Use Industrial Engineering Methods 
Study for Quality Control 

Finding the Facts Before Setting the Specifi- 
cations: I! Methods 

Stetisticol Quality Control in 
Stomping Production 

Quolity Control in the Monufocture of Film 
Coated Magnet Wire 

Quality Control in the Manufacture of Auto- 
motive Electrical Systems 

Developing Quolity Standards ond Ratings in 
Folding Paper Carton Manufacture 

Problems and Pitfalls in Acceptance Sompling 
of Gloss Containers 

Quolity Control Applied to a Job Shop 

The Design and Engineering of Test Equip- 
ment for Complex Electronic Products 

Quality Control's Obligation to Management 
end Customer on Reliability of Complex 
Weapons 

This is Inspection Automation 

A Molting Company Looks at Specifications 
Through Statistics 

Applications of Scheffe’s Method of Paired 
Comperisons in Food Quolity Evaluction 

The CAA Program in Quality Control 

Variability of Mechanical Properties of Fict 
Rolled Sheet Product 

Designing the Measurement and Analysis of 
Work 


Automotive 


Quality Control Applied to Industrial Engi- 
neering 

What is an Inspector 

Operations Research in Business and Indus- 
try 

Fractional Replication in Industrial Experi- 
mento 


Organizing for Aircraft Quality Control 

Automotive Division First Report on Machine 
Tool Capability Studies 

Quality Problems of Automotive Fabrics from 
the Producer's Point of View 

Quolity Control Training Courses: Part |, In- 
Pilent Courses; Part ti, ASQC Section 
Courses 

Multiple Comparisons in 
Variance 

Stotistical Methods for Analyzing Perform- 
ance Variations of Electronic Circuits 

Controlling the Quality of Management 
Decisions 

Quality Control—its 
liebility 

An Operational Research Study on Shipping 
Tankage 

The Digital Computer and its Application 

Quality Control and Production Efficiency 

Some Useful Nonporometric Significance 
Tests 

initiating Quality Control and 
Stendards for New Products 

Designed Experiments in Industry 

The Team Approoch in Quality Control in- 
vestigations 

Statistical Application in the Control of High 
Speed Filling Machines 

Semantics, Sceles, and Savings Through SQC 

Quality Control From Bench to Budget 

On Some of the Necessary Ingredients of 
Statistical Standards of Sampling 

Managerial Statistics Applied to the Brewing 
industry 

An Approoch to the Vendor-Vendee Rela- 
tions Program 

AQLs are Half the Story 

Sampling by Variabios: |, One-Way Protec- 
tion on X; Il, Two-Way Protection on X’'; 
itl, Protection on Variability; !V, Avail- 
able Sampling Plans 


the Analysis of 


Relationship to Re- 


Quality 


Quality Contre! in Complex Systems 

Use of Management Reports in a QC Pro- 
gram 

Statistical Aids to Management 

Army Quality Control and Inspection 

Contract Requirements ond Quality Control 

Discovery Sampling by Afttributes—Review, 
Revisions, and Results 

Automatic Gaging of Complex Parts by Tape 
Control, Etc. 

Consumer-Supplier 
Relations 

Reporting and Analyzing Production in oa 
Swedish Steel Plant 

Standardization and Quality Control 

Process Control in a Job-Shop 

The Proposed Military Stendard for Inspec- 
tion by Variebles 

The Science of Quality Control as oan 
Operation 

The Quality Manager and Quality Costs 

An Operctional View of Equipment Relic- 
bility 

Quality Requirements of Automotive Fabrics 

Quality Control's Obligation to M 9 t 
and Customer on Reliability 

Evaluating the Vendor 

Quality Control of Visual Characteristics 

Selection and Ranking Problems with Binomial 
Populations 

Quality Control in the Certon Plont 

Factors Affecting the Accuracy and Relia- 
bility of Sensory Tests 

Integration of Techniques in Process De- 
velopment 

Statistics, Quality, and Control; The Essentiol 
Trio for Modern Competitive Production 

A Random Sample of Contro! Philosophy 

Quality Control's Obligation to M e Ter- 
minal Quality 


Quality Problems ond 














All This is Yours and the Price—Just $3.50 per copy. 


YOU cannot afford to be without this reference material. Progress with the Society and the field of quality control 


ASQC, 161 W. Wisconsin Ave. 


a YOU owe it to yourself and your company to 


order your copy now. Enlarge your technical and 
practical knowledge. 


Send me copies of the 1957 Annual Con- 


vention Transactions at $3.50 per copy. 


Amount enclosed. 


MAIL THE ATTACHED COUPON TODAY. 


Name 


Address 





